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1 .
ISOXAZOLYL-SUBSTITUTED
PERHYDROBENZINDENES

CROSS-REFERENCE TO RELATED 5
~ APPLICATIONS

This application is a divisional of Ser. No. 278,889,
filed Aug. 9, 1972, now abandoned, which in turn is a
divisional of Ser. No, 39,560, now U.S. Pat. No.

- 3,691,190, which in turn is a continuation-in-part of 10

Ser. No. 778,314, now U.S. Pat. No. 3,700,661.

BACKGROUND OF THE INVENTION

In recent years, much effort has been devoted to the
total synthesis of steroids. The medicinally important 13
19-norsteroids have been the subject of a large number
- of chemical investigations, cf. D. Djerassi, Science, 151,
1055 (1966); L. Velluz et al., Tetrahedron Supplemenr

8, Part 1I, 495 (1966). 19-Norsteroids have been pre-
' pared in accordance with prior art teachings by the
reduction of Ring A aromatic steroids either chemi-
cally [A. L. Wilds et al., J. Am. Chem. Soc. 75, 5366
(1953)] or photo]ytically [J. A. Waters et al., J. Am.
Chem. So¢. 89, 1022 (1967)]. Other methods known in
the art for the preparation of 19-norsteroids include
-oxidation of the C-19 methyl group of a steroid to the

corresponding carboxylic acid followed by acidic de-
~ carboxylation of the resulting 19-carboxy-A%-3-keto
system. [A. Bowers et al., J. Am. Chem. Soc. 84, 3204
(1962)]. |

The present invention relates to certain polycyclic
compounds and processes for their synthesis. The novel
intermediates and processes of this invention provide a
new synthetic route for the preparation of pharmaceu- 45
tically valuable 19-nor-steroids. Further, the intermedi-
ates and processes of the invention provide a novel
route for the preparation of pharmaceutically valuable
estrones. In synthesis of steroidal materials, steric con-
siderations are of great significance. The most used 4q
steroidal compounds are those having a C/D-trans-ring
junction with the substituent in the 13-position being in
the B-configuration. The present invention provides a
facile total synthesis of 1 38-C/D-trans-steroidal materi-
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als. This desirable result is obtained via a unique asym-
metric induction followed by subsequent stereospecific

- reaction steps.

SUMMARY OF THE INVENTION

A 3,5-disubstituted-4-isoxazolylmethylene group is
employed as a precursor of the steroidal Ring A’in this
synthesis. The novel use of this group as a precursor of
the steroidal Ring A provides an improved method for
obtaining extremely high yields of optically active phar-
maceutically valuable steroid end-products. This is in
part due to the chemically stable nature of the isox-
azole group to the acids, bases, hydrogenations and
other process perameters employed throughout the
synthesis. By-product formation has been substantially
reduced by the processes of this invention, thereby
facilitating costly separating and purifying procedures.
The substantial elimination of by-product formation
also contributes to the obtention of the high end-
product yields. Further, it has been found that by
means of the resolutions of starting materials and sub-
sequent stereospecific reaction steps of the processes
of this invention, the direct obtention of optlcally ac-
tive end-products is greatly facilitated.

In one aspect, this invention relates to substituted-
1Isoxazole starting materials of formulae II-a and II-b,
Intermediates therefor and their method of preparation

via a Wittig-type reaction of a phOSphonium ylid of

formula D and acrolein dimer (formula E) in accor-
dance with Reaction Schemes A and B.

In Reaction Schemes A and B, R,; is selected from
the group consisting of lower alkyl and hydrogen; R,z is
selected from the group consisting of lower alkyl, lower
alkylaryl, aralkyl and hydrogen; X’ i1s an inorganic
anion derived from a mineral acid; Ry, R’; and R'; are
independently selected from the group consisting of
lower alkyl phenyl and phenyl-lower alkyl; R;; is se-
lected from the group consisting of mono-hydrocar-
bylamino and di-hydrocarbylamino and acid salts
thereof; Ry, 1s lower alkyl; R, is selected from the for-
mulae R';NH and R’,O wherein R’, is an optically

active hydrocarbyl residue.

Reaction Scheme A -

R1 G—J
CH-a—PéHp_ X"
R

Q2
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wherein R 5, Ry, X', R)’, R,’, and R,’ are defined as
aforesaid

"Reaction Scheme B

wherein Ry, Ri9, Riss Rye, Ry', Ry, Ry’ and R,, are
defined as aforesaid. | |
In another aspect, this invention is directed to the
- process and compounds represented schematically in
- Reaction Scheme C. Thus, the 3-substituted-6aB-alkyl-
cyclopenta([f]{ I ]-benzopyrans or naptho{2,1-b]pyrans
of formula I-a are prepared by reacting a 9-(3,5-sub-
stituted-4-isoxazolyl)-7-hydroxy-1-nonen-3-one of the
formula H-a or a tetrahydropyran-2-ol variant thereof
of the formula II-b with a 2-lower alkyl cycloalkane-
1,3-dione of the formula IIl. The 3a8-alkyl-7-o0xo-1H-
benz{e]indenes and 8aB-alkyl-3H-phenanthren-2-ones
of the formula XI are prepared by cyclizing the 4- or
5-(3-oxo-alkyl)-perhydroindene-5-ones and perhy-
dronaphthalene-6-ones of formula X which are ob-
tained by oxidizing the pyrans of formula I-c. The latter
perhydropyran intermediates are prepared by saturat-
ing the double bond of the diene of formula I-a and
introducing R,0 (defined below) at the 4a-position and
a hydrogen atom at the 9b-or 10a-position of monoene
I-b.

Alternatively, the compounds of formula XI are pre-
pared by alkylation (not shown in Reaction Scheme C)
of a 3aB-alkyl-7-oxo-7H-benz[e]indene or 8aB-alkyl-
3H-phenanthren-2¥one with a 3,5-disubstituted-4-
halomethyl isoxazole.

In Reaction Scheme C, Y is a substituted isoxazole of
the formula
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wherein R,;, R;5 and R,, are defined as aforesaid; R, is
a primary alkyl group of from 1 to 5 carbon atoms: R,
Is selected from the group consisting of hydrogen,
lower primary alkyl or lower acyl; Z is selected from
the group consisting of carbonyl, lower alkylenedioxy-

methylene, di-lower alkoxy-methylene, phendioxy-

methylene and a group of the formula

OR,

.
™~
~

\C
. / Rs

wherein R; is selected from the group consisting of
hydrogen, lower alkyl, lower alkoxy-lower alkyl, phe-
nyl-lower alkyl, tetrahydropyranyl and lower acyl; R, is
selected from the group consisting of hydrogen and

lower aliphatic hydrocarbyl; and m is an integer having
a value from I to 2.
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wherein Y, Ry, Ry, Ry, Z and m are as defined afore- W is selected from the group consisting of carbonyl and
said. | a group of the formula

. A still further aspect of this invention relates to the
- process and intermediate compounds employed to con-
vert the benz[e]indenes and phenanthren-2-ones of 25

o ) . OR, ;
formula XI in accordance with Reaction Schemes D | | \c/
and D’ to 19-nor-steroids of the formula XIV-a, | / S
wherein R;s, Ry6, Ry, Z and m are as defined as afore- :
said and X 1s selected from the group consisting of |
lower alkylenedioxy-methylene, phendioxy-methylene, 30 ., ,, . -
di-lower alkoxy-methylene, the monothia, monoaza or L' is selected from the group consisting of lower alky-

Y - ~ lenedioxy-methylene, phendioxy-methylene, di-lower
dithia chalcogen thereot and a Stotp of the formula_ - alkoxy-methylene, the monothia, monoaza or dithia

OR:" - chalcogen thereof and a group of the formula

35
~
™~
™~

S~
Ry

R’,; is selected from the group consisting of hydrogen ' _ C
and lower alkyl; Z' is selected from the group consist- | /
ing of carbonyl and a group of the formula 40

OR,;" ;

OR-; 3
Ry

R, and R; are defined as aforesaid and R;' 1s selected
 from the group consisting of hydrogen, lower alkyl,

lower alkoxy-lower alkyl, phenyl-lower alkyl and tetra-
Ry . 4> hydropyranyl. |
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wherein W, R, Ry5, Ry6, Z, Z', R’ys and m are defined denes and phenanthren-2-ones of the formula. XI-a, in
aforesaid accordance with Reaction Scheme E, to the dienones

.- REACTION SCHEME D

- wherein X, R, R;s, Ryg, Z, Z'",R';5and m are defined of formula XXXV wherein R;;, R'ys, W, X, Ry, Z, Z'”

aforesaid | - and m are as defined aforesaid and V is selected from
Yet another aspect of this invention relates to the ,4 the group consisting of lower alkylenedioxy-methylene,

- conversion of, via novel intermediates, the benz[elin-  di-lower alkoxy-methylene and phendioxy-methylene.

REACTION SCHEME E

X1-3

XXXIV
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wherein R';5, W, Z'", R{, Rys, X, V, and m are deﬁned

- as aforesald

DETAILED DESCRIPTION OF THE INVENTION

As used throughout the specification and appehded |

claims, the term “hydrocarbyl group” denotes a mono-
valent substituent consisting solely of carbon and hy-
drogen; the term “hydrocarbylene’™ denotes a divalent
substituent consisting solely of carbon and hydrogen
and having 1its valence bonds from different carbons;
~ the term ““aliphatic”, with reference to hydrocarbyl or
hydrocarbylene groups, denotes groups containing no
- aromatic unsaturation, but which can be otherwise
saturated or unsaturated, i.e., an alkyl or alkylene, or
an aliphatic group containing olefinic or acetylenic
unsaturation; the term ““alkyl group” denotes a satu-
rated hydrocarbyl group, whether straight or branched
chain; the term “primary alkyl group™ denotes an alkyl
group having its valence bond from a carbon bonded to

at least two hydrogens; the term ““acyl group” denotes -

a group consisting of the residue of a hydrocarbyl
monocarboxylic acid formed by removal of the hy-
droxyl portion of the carboxyl group; the term “oxyhy-

drocarbyl” denotes a monovalent saturated cyclic or

acylic group consisting of carbon, hydrogen, and oxy-
gen containing only one oxygen in the form of an ether
linkage and includes tetrahydropyranyloxy, and other
- alternate expressions such as lower alkoxy and lower
alkoxy-lower alkyl; and the term “lower™, as applied to
any of the foregoing groups, denotes a group having a
carbon skeleton containing up to and including eight
carbons, such as methyl, ethyl, butyl, tert.-butyl, hexyl,
2-ethylhexyl, vinyl, butenyl, hexenyl, ethinyl, ethylene,
methylene, formyl, acetyl, 2-phenylethyl, benzoyl, me-
thoxymethyl, 1-methoxyethyl, tetrahydropyran-2-yl
and the like. The phraseology “lower alkylenedioxy,
the monothia, monoaza or dithia chalcogen thereof™ is
used to indicate a ketalized oxo or thio moiety and
comprehends moieties of the formula —OR,0—,
—ORgS—, —ORgN— or —SRS— wherein Ry is lower
alkylene. Exemplary moieties are 1,2-ethylenedioxy,
2,2-dimethyl-1,3-propylenedioxy, 1[,2-ethylenedimer-

10
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comprehends ethylphenyl, o-tolyl and the llke Halogen

denotes all halogens, ¢.g., chlorine, fluorine, iodine and

bromine.
In the formulae presented herein, the various substit-
uents on cyclic compounds are joined to the cyclic

‘nucleus by one of three notations, a solid line (—)

indicating a substituent which 1s in the B-orientation
(1.e., above the plane of the paper), a dotted line
e -} indicating a substituent which is in the a-
orientation (below the plane of the paper), or a wavy
line ( )

indicating a substituent which may be in either the a-or

B-orientation. The formulae represented in Reaction

Schemes C, D, D’ and E indicate the compounds in
their racemic form except for the substituent defined
by R, which has been arbitrarily indicated as having the
B-orientation. However, it will be appreciated that the
synthesis described herein uniquely lends itself to the
preparation of each of the compounds represented in
the above-mentioned reaction schemes 1n its optically
active form, in which case the indicated absolute con-
figuration at C,; (steroid numbering) is that of natu-
rally occuring steroids. The R and S designation of
absolute stereochemistry employed herein is fully de-
scribed 1n R. S. Cahn at al., Experientia 12, 81 (1956).
In one aspect, this invention relates to the novel start-
ing materials of the formulae II-a and II-b, intermedi-
ates therefor and their method of preparation schemat-
ically represented by Reaction Schemes A and B.
[llustrative examples of the substituted isoxazoles of
formulae ll-a and II-b include: 9-(3,5-dimethyl-4-isox-
azolyl)-7-hydroxy-1-nonen-3-one; 9-(3-methyl-4-isox-
azolyl)-7-hydroxy-1-nonen-3-one; 9-(3,5-diethyl-4-
isoxazolyl)-7-hydroxy-1-nonen-3-one; 9-(5-ethyl-4-
isoxazolyl)-7-hydroxy-I-nonen-3-one; 9-(3-methyl-5-
phenyl-4-1soxazolyl)-7-hydroxy-1-nonen-3-one; 2-(2-
diethylaminoethy!)-6-[ 2-(3,5-dimethyl-4-1soxazolyl)e-
thyl]-tetrahydropyran -2-0l; 2-(2-dimethylaminoethyl)-
6-[ 2-(3-ethyl-4-1soxazolyl)ethyl]-tetrahydropyran-2- ol
and the like.
Other novel intermediates prepared in Reaction
Scheme B are of the formula:

~o

capto, 2,3-butylenedioxy and the like. Phendioxy de-
notes a dihydroxy aryl group such as catechol formed
by removal of the hydrogen atoms from both hydroxyl
groups. By the terms alkoxy and alkoxy-lower alkyl are
meant alkyl and alkyloxy-lower alkyl groups such as
methoxy, ethoxy, tertiary-butoxy, 1-methoxy-ethyl,
2-ethoxy-ethyl and the like. The phraseology “lower
aralkyl” denotes groups such as benzyl, 1-phenylethyl,
4-phenylbutyl and the like. The term “lower alkylaryl™

Rie

55

60

U

wherein R,g3 when taken alone is hydrogen; (R,e) n
when taken alone i1s lower alkoxy, lower acyloxy or
hydroxy; and R4 and (R,s) n when taken together are
carbonyl; U and U’ are independently a single or a
double bond; R,5 and R, are defined as aforesaid: »n is
an integer having a value of from 0 to 1 and is 0 when
U’ is a double bond.

Subgeneric to the compounds of formula XVI are
novel compounds of the formula:

e
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wherein R,5, Ry, and R,, are defined as aforesaid.
The 9-(3,5-disubstituted-4-isoxazolyl)-7-hydroxy-1-

nonen-3-ones of formula Il-a and 2-(2-hydrocar-

bylaminoethyl)-6-[2-(3 ,2-disubstituted-4-isoxazolyl)e-

12

O-Ri0
G

- Rio
H

H |
I
OH

0
P
L

| 3,S-disubstituted-4-—carboxy-—isoxazoles. [Cf., G. Stork

30

thyl]-tetrahydropyran-2-ols of formulae II-b can be

obtained in accordance with Reaction Schemes A and
- B via a Wittig-type reaction of acrolein dimer and a
novel compound of the formula |

Ris /R'l

I
<o

\R'S

wherein R'., R, R's, R,; and R, are defined as afore-
said. |

Preferred compounds of formula D are those wherein
R’;, R’z and R’; are each phenyl.

Substituted -hydroxy isoxazole compounds of formula
‘A of Reaction Scheme A can be conveniently obtained

by means known in the-art from the corresponding

D

33
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et al.,, J. Am. Chem. Soc. 89, 5461 (1967)].

The alcohols of formula A are converted to the com-
pounds of formula B, in accordance with Step (1) of
Reaction Scheme A. Suitably, the anion represented by
X' is an inorganic anion derived from a mineral acid
e.g., chloride, bromide, iodide, sulfate or the like. A
preferred anion is chloride in which case the com-
pounds of formula B can be obtained by the reaction of
the alcohols of formula A with, for example, thionyl
chloride in methylene chloride solvent at a temperature
of approximately —10°C. to +30°C.

The phosphonium salts of formula C can be obtained

‘in accordance with Step (2) of Reaction Scheme A by

treatment of the halide B with the desired phosphine
reagent such-as, for example, triethylphosphine, tri-
phenylphosphine, bis-(diethyl)-phenylphosphine and
the like in a suitable solvent preferably a hydrocarbon,

~e.g., benzene, toluene or the like at the reflux tempera-

ture of the solvent. The reaction is preferably con-
ducted under a nitrogen atmosphere.

The ylids of formula D can be generated from the
compounds of formula C in accordance with Step (3)
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of Reaction Scheme A by treatment of the compounds
of the formula C with an acid binding agent such as for
example, with an alkali metal-lower alkoxide, for exam-
ple, sodium methoxide; an alkali metal hydroxide such
as sodium hydroxide; or an alkali metal hydride such as
sodium hydride in a suitable solvent, preferably di-
methylsulfoxide. [Cf. R. Greenwald et al., J. Org.
Chem. 28, 1128 (1963)].

The thus obtained Wittig reagent of formula D can be
employed to prepare the vinyl pyran compounds of
formula F as sghematically represented in Reaction
Scheme B by reacting the compounds of formula D
with acrolein dimer. The reaction is suitably conducted
at a temperature between room temperature and
150°C. It has been found that a preferable temperature
range in which to conduct the reaction is between 65°
and about 75° The quantity of reactants used is not
critical and an excess of either can be used. However,
it has been found advantageous to use an essentially
equimolar ratio of reactants. This reaction is suitably
effected in a solvent such as, for example, ethers, e.g.,
lower alkyl ethers such as dioxane and tetrahydrofuran;
aromatic hydrocarbons such as benzene and xylene;
di-lower alkyl-lower alkanoylamides such as dimethyl-
formamide and dimethylacetamide; and dimethylsulf-
~oxide. A preferred solvent for this reaction 1s dimethyl-
sulfoxide. Alternatively, the phosphonium salts of for-
mula C can be reacted directly with acrolein dimer by
generating in situ the ylid of formula D by adding the
acid binding agent to the reaction system.

- Conversion of the Wittig adduct of formula F to the
heptanoic acid lactones of formula L can be accom-
p]lshed via three separate reaction schemes as exempli-
fied 1n Reactlon Scheme B.

Thus, one method for preparing the lactones of for-
mula L in accordance with Steps (10), (11) and (12) of

Reaction Scheme B comprises hydrating the vinyl py-
rans of formula F to the hemiacetals of formula O in
accordance with Step (10). The hydration is suitably
effected at room temperature in an inert organic sol-
vent such as tetrahydrofuran, dioxane, or a di-lower
alkyl ketone such as acetone by means of a mineral
acid, preferably hydrochloric acid or sulfuric acid. The
“hemiacetals of formula O can be converted to the vinyl
lactones of formula P in accordance with process step
(11) by oxidizing with a suitable oxidizing agent, pref-
erably manganese dioxide in a hydrocarbon solvent,
preferably benzene at room temperature.

The heptanoic acid lactones of formula L are ob-
tained in accordance with Step (12) of Reaction
- Scheme B by selective hydrogenation of the heptenoic
acid lactones of formula P. A significant aspect of the
instant synthesis lies in the selective hydrogenation of
olefinically unsaturated compounds containing an isox-
azole moiety, e.g., Step (12) of Reaction Scheme B,
without substantially attacking the isoxazole group. It is
essential that this hydrogenation reaction be conducted
so as to avoid any significant hydrogenation of the
- 1soxazole moiety. The hydrogenation is thus suitably
conducted in the presence of a noble metal catalyst,
such as palladium, platinum, rhodium, etc. under mild
reaction conditions, viz, without the addition of heat
and substantially at atmospheric pressure. The noble
metal catalyst can be utilized with or without a carrier
and if a carrier 1s used, conventional carriers are suit-

able. It is preferred to use a catalyst comprising palla-

dium on a carbon carrier. The ratio of catalyst to sub-
-strate 1s not critical and can be varied. However, it has
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been found advantageous to use a weight ratio of cata-
lyst to substrate from about 1:5 to about 1:100. Espe-
cially preferred is a ratio of 1:25. The hydrogenation is
suitable effected in the presence of an inert organic
solvent, optionally in the presence of acids or mono, di
or trialkyl amines. Suitable solvents which may be em-
ployed are ethers, such as diethylether or tetrahydrofu-
ran; lower alkyl esters of lower alkanoic acids such as
ethyl acetate; and aromatic hydrocarbons such as tolu-
ene or benzene and the like. It is especially preferred to
conduct the hydrogenation using an ethyl acetate sol-
vent.

Alternatively, lactones of the formula [. may be pre-
pared from the vinyl pyrans of formula F as exemplified
in Reaction Scheme B by first preparing the hemiace-
tals of formula 1 via process Steps (2), (3) and (4).
Thus, in accordance with Step (2), the vinyl pyran
isoxazoles of formula F are converted to the acetals of
formula G by an alcohol addition process. The conver-
sion 1s suitably effected using a mineral acid, preferably
sulfuric acid, in the presence of a lower alcohol, prefer-
a solvent and a
source for the alkoxy protecting group.

-~ The hemacetals of formula I can be prepared from
the acetals of formula G in accordance with process
steps (3) and (4) by first selectively hydrogenating the
acetals of formula G employing similar hydrogenating
conditions to that which were used to effect the hydro-
genation of the compounds of formula P to the com-
pounds of formula L as described above and subse-

quently removing the alkoxy protecting group by
- means of aqueous mineral acid, preferably sulfuric acid

- 1n an inert organic solvent, preferably an ether such as

35
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dioxane and tetrahydrofuran, or a di-lower alkyl ketone
such as acetone. This latter reaction can be conve-
niently carried out at room temperature.

The lactones of formula L. can be obtained from the
hemiacetals of formula I via Step (14) or alternatively
via the sequential Steps (5), (6) and (7) of Reaction
Scheme B. Thus, the 6-hydroxy tetrahydropyranyl 1sox-

azoles of formula I can be converted in accordance

with Step (14) to the lactones of formula L if mild
oxidation conditions are employed. The oxidation is
suitably effected with an oxidizing agent such as man-
ganese dioxide, nickel dioxide or the like. The reaction
can be carried out in an inert organic solvent such as

- benzene, xylene or methylene chloride at room temper-

ature. |
Alternatively, in accordance with Steps (5), (6) and
(7) of Reaction Scheme B, the lactones of formula L

~ are prepared by first oxidizing the hemiacetals of for-

53
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mula I to the keto acids of formula J [Step (5)] using a
strong agent, preferably Jones reagent (chromium tri-
oxide and aqueous sulfuric acid) in the presence of an
organic solvent such as lower alkyl ketones, e.g., ace-
tone or methylethyl ketone. Selective reduction of the
keto acids of formula J in accordance with Step (6) of
Reaction Scheme B using a reducing agent such as
sodium borohydride or lithium aluminum tri-ter-
tiarybutoxy hydride in a suitable solvent such as, for
example, ethers, e.g., tetrahydrofuran or dioxane or
lower alkanols, e.g., methanol, ethanol or isopropanol,
yields the hydroxy acids of formula K which on heating,
preferably under reduced pressure, afford the lactones
of formula L in accordance with Step (7) of Reaction
Scheme B. |

In accordance with Step (8) of Reaction Scheme B,
the lactones of formula L can be converted to the sub-
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stituted hydroxy-non-1-en-3-ones of formula Il-a by a
‘novel reaction with a vinyl magnesium halide. Pre-
ferred halides are chloride, bromide and iodide. The
- reaction 1s conducted in the presence of an inert or-
ganic solvent, preferably an etheric reaction medium

such as diethylether, diisopropylether, tetrahydrofuran,

dioxane and the like. Surprisingly, it has been found
that when the reaction is conducted under cold temper-
ature conditions, the carbonyl group of the thus ob-
tained vinyl-hydroxy compound of formula II-a is stable
to further reaction with Grignard reagent. Thus, the
- reaction is suitably effected at a temperature of from
—90°C. to 0°C. and preferably at a temperature of from
about —70°C. to about —60°C. The order of addition of
‘the reactants is not critical although it is generally pre-

ferred to add the vinyl magnesium halide to the pyran.

Alternatively, the hydroxy-non-l-en-3-ones of for-
mula II-a can be obtained from the lactols of formula I
via Steps (17) and (18) of Reaction Scheme B. Thus,
the dihydroxy compounds of formula N are obtained by
reacting the lactols of formula L with vinyl magnesium
halide. The conditions employed for this reaction are
not critical to this invention and are those normally
employed 1n Grignard reactions. The reaction is nor-
mally conducted in the presence of an etheric reaction
medium, such as diethylether, tetrahydrofuran and the
like. The reaction is normally effected at a temperature
of from about 0° to about 50°C.

In accordance with Step (18) of Reaction Scheme B,
the 3-hydroxyl group of the dihydroxy compounds of
formula N 1s selectively oxidized in known manner
using manganese dioxide to yield the nonenones of
formula L. | |

Because of the susceptibility of the vinyl group of the
7-hydroxy-1-nonen-3-ones of formula II-a to oxidation,

it 1s desirable although not essential that these com-
pounds be converted to more stable variants. -

Thus, 1t is preferred to utilize the compounds of for-

mulae [I-a in the variant form of the hemiketals of the
formula:

17

HO

II-b

wherein R,;, R;s and R,; are defined as aforesaid.

The internally hydrated Mannich base variants of
formula II-b can be conveniently prepared without

purification of the vinyl ketones II-a. The reaction se-
quence In accordance with Step (9) comprises adding
to the crude vinyl ketone solution obtained in accor-

16
dance with Step (8) above, a mono-hydrocarbylamine
or di-hydrocarbylamine, to yield the Mannich base of
formula [I-b which is conveniently recovered from the
solution by solvent removal. The compound may be
readily purified by extraction into dilute acid.

“Alternatively, the 7-hydroxy-1l-alken-3-one com-
pounds of the formula II-a can be converted to another
stable variant of the formula: ' '

10
t18
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YH

Rys
20 |
N\O Rie

25 IT~-a-1

30 wherein R;5; and R, are defined as aforesatd and R,z 1s
chloro, hydroxyl, lower alkoxy, mono- hydrocar-
bylamino, di-hydrocarbylamino and acid salts of these
amines.

Exemplary of the amines which may be employed to

35 form the compounds represented by formulas H-b and
[I-a-1 are diethyl amine, methylbutylamine, butyla-
mine, ethylbutylamine, cyclohexylamine, a-naphthyla-
mine, diphenylamine, N-phenyl-2-naphthylamine or
the like. Preferred are aliphatic primary or secondary

40 lower hydrocarby! amines, especially saturated lower

hydrocarbyl secondary amines. Also preferred are the

optically active amines described hereinafter.

The compounds of formula II-a-1 are readily pro-
duced from the vinyl ketones of formula II-a by known
techniques, for example, 1-chloro-7-hydroxy-alkan-
3-ones are obtained by the Markownikoff reaction of
the vinyl compound with hydrogen chloride in a known
manner. 1-Hydroxy and l-alkoxy derivatives are ob-
tained by the base catalyzed reaction of water or a
lower alkanol, for example, methanol with the vinyl
ketone. Additional derivatives are formed by the reac-
tion of the vinyl ketone with a mono-hydrocarbyl
amine or di- hydrocarbylamine as described above. In
some Instances, it may be desirable to convert the Man-
nich base to its crystalline acid addition salts. The acid
salts of the amines of formula Il-a-1 and similarly the
hemiketals of formula II-b are conveniently obtained
- by reacting the amines with the desired anhydrous

mineral or organic acid in a suitable aprotic solvent

such as an ether or hydrocarbon. Preferred acids are
hydrogen halides, especially hydrogen chloride and
lower alkyl dicarboxylic acids, especially oxalic acid.
As 1s apparent, those compounds of formula II-a-1
wherein R4 1s mono- hydrocarbylamino, di-hydrocar-
byl ammo or acid salts of the amines and the com-
pounds ot formula II-b are isomers. These isomers exist
in the ketone form of formula Il-a-1 or in the cyclic
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hemiketal of formula II-b or as the equilibrium mixture

of the two forms. Whether a particular Mannich base of

formula Il-a-1 exists in that form or the hemiketal form
or in an equilibrium mixture consisting primarily of one
or the other will depend upon the environmental condi-
tions in which it is placed, such as temperature, solvent
and pH of reaction medium, as well as the particular

meaning of R,z and R,;. Either form is useful for the

purposes of this invention since these isomers are used
in a reaction with compounds of formula IlI, infra, and
either the acyclic forms of formulae 1I-a and II-a-1 or
the cyclic hemiketal form of formula II-b is useful for
- this purpose. A particular advantage of the cyclic form
Is its greater stability as compared with the acyclic form

10

and also as compared with the vinyl ketones of formula !°

lI-a-1. Acidic conditions shift the equilibrium away
from the cyclic form.

The starting materials of the formulae II-a, II-a-1 and
lI-b can either be used in racemic form or in the opti-
‘cally active form. When used in an optically active
form the 7Rantipode is required to give naturally oc-
curring steroids.

The optically active forms of the formulae II-a, II-a-1
~ and II-b can be conveniently obtained by several

routes. For example, by the use of an optically active
amine such as a-phenethylamine, abietylamine or men-
thylamine, one can resolve these compounds via salt
formation. Thus, by reaction with a lower alkyl dicar-
boxylic acid, e.g., oxalic acid or a hydrogen halide acid,
e.g., hydrogen chloride, suitable salts can be formed.
- An optically pure antipode of formulae II-a-1 or II-b is
thus obtained after separation of the salts, with optional
conversion of the salts to the free amines by known
means, €.g. by reaction with an alkali metal hydroxide.
These compounds are then used in the remainder of the
reaction sequence of this invention. |

Alternatively, the optically active antipodes of for-
mulae Il-a-1, [I-a and [I-b can be prepared, in a manner
analogous to that employed to obtain the racemic ma-
terials, from the optically active lactones of formula L.
These lactones are prepared by the sequence of Steps
(15), (16) and (7) of Reaction Scheme B. Thus, race-
mic lactones L are converted to the diastereomeric
hydroxy esters or amides (Step 15) by reaction with an
optically active alcohol, e.g., menthol, or an optically
active amine, e.g., a-phenethylamine in a neutral sol-
vent, preferably benzene, toluene or xylene and prefer-
ably at the reflux point of the solvents. The diastereo-
mers of formula M are separated by crystallization or
preparative gas phase chromatography. Optically ac-
tive compounds of formula M are converted (Step 16)
by treatment with an alkali metal hydroxide in alcohol
or alcohol-water mixtures to the optically active hy-
droxy acids of formula K. A preferred reagent is so-
dium hydroxide in aqueous lower alcohol, preferably
methanol at reflux. The optically active hydroxy acids
of formula K are converted to the optically active lac-
tones of formula L (Step 7) exactly as described previ-
ously for the racemic compounds, e.g., by thermal
lactonization. | ' ,

In still another method, the racemic lactones of for-
mula L can be hydrolyzed to the corresponding hy-
droxy acids of formula K which can then be resolved by
treatment with an optically active base, e.g., brucine,
ephedrine or quinine and separating the thus obtained
diastereomeric salts.
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‘Still other methods will be apparent to those skilled
in the art. Resolution can also be effected at a latter
stage in the synthesis as will be more fully described
hereinafter. The optically pure 1somers of formulae
[I-a, [I-a-1 and II-b are then used Iin the remainder of
the reaction sequence of this invention and when cou-
pled with the unique asymmetric induction and preser-
vation of optical specificity thereof offer a facile route
to optically pure steroidal materials.

In a further aspect, this invention is concerned with
the compounds of formulae I-a, I-b, I-c, X and XI and
their method of preparation via the general reaction
scheme set forth in Reaction Scheme C.

‘Thus, in this aspect, this invention 1s concerned with
novel cyclopenta[f][]1]benzopyrans having the tricyclic .
nucleus |

and novel naphtho 2,1-b pyrans having the tricyclic
nucleus

These novel compounds are generally defined by the

formula:

. 41
(Rzo)n_-l_\ﬁ 0
‘ 3

XC
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wheremn Y, Z, R,, R, and FI{?E are defined as aforesaid;
T represents either a single or a double bond; U repre-
sents a single or a double bond and is a single bond
when T 1s a single bond; m 1s an integer having a value
of from 1| to 2; n is an integer having a value of from 0
to I and is O when T represents a double bond and is 1
when T represents a single bond; r is an integer having
a value of from O to 1 and is 0 when T is a double bond
and 1 when T 1s a single bond; and s is an integer having
a value of from O to 1 and 1s O when U is a double bond
and | when U is a single bond.

Preferred compounds are those wherein Y is defined
so that R;; and R, are both lower alkyl especially
wherein both R,5 and Rg are methyl — i.e., 3,5-dimeth-
yl-4-1soxazolylmethylene; R, 1is n-alkyl, especially
methyl and ethyl; and, when s has a value of 1, the
Ya-(when m 1s 1) or 10a- (when m is 2) hydrogen is
trans-oriented with respect to R;.

Subgeneric to the tricyclic compounds of formula T

are the  3-substituted-6aB-alkyl-1,2,3,5,6,6a,7, 8-

octahydrocyclopenta-[f][l}benzopyrans and the 3-sub-
stituted-6af-1,2,5,6,6a,7-8,9-octahydro-3H-naph-

- tho[2,1-b]pyrans, hereinafter referred to as ‘“dienes”

having the.formula:

. YCH

10

15

20

23

30

35

Ia 40

45

wherein R,, Z, Y and m are as defined above, the
3-substituted-6ag-alkyl-1,2,3,5,6,6a,7,8,9,9a-decahy-
drocyclopenta[f][l]benzopyrans and the 3-substituted-
6aB-alkyl-1,2,5,6,6a,7,8,9,10,10a-decahydro-3H-
naphtho(2,1-b]pyrans hereinafter referred to as
- “monoenes” represented by the formula:

20

wherein R,, Z, Y and m are as defined above; and the
3-substituted-6aB-alkyl-4a-hydroxyperhydrocyclopen-
ta-[f]{l]benzopyrans and the 3-substituted-6aS-alkyl-
4a-hydroxyperhydro-3H-naphtho[2,1-b]pyrans  and
their lower alky] ethers and monoacyl esters; hereinaf-
ter referred to as “perhydro’ compounds, represented
by the formula: -

YCH

wherein R, R,, Z, Y and m are as defined above.

The second reactant employed in the condensation in
accordance with Step (a) of Reaction Scheme C as
generally mentioned above is a 2-(lower alkyl)cycloal-
kane-1,3-dione of the formula:

111

wherein R,, Z and m are as defined above. These com-
pounds are known compounds and description of their
synthesis is accordingly unnecessary. Suitable com-

- pounds include 2-methylcyclopentane-1,3-dione; 2-

50

35
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YCH
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ethylcyclopentane-1,3-dione; 2-propylcyclopentane-
1,3-dione; 2-butylcyclopentane-1,3-dione; 2-methylcy-
clohexane-1,3-dione;  2-ethylcyclohexane-1,3-dione
and the like. | |

Thus, the process of this invention comprises in this
aspect in accordance with Reaction Scheme C the
general steps of (a) condensation of a 7-hydroxy-1-
alken-3-one (Il-a) or a variant thereof (li-a-1; II-b)
with a 2-alkylcycloalkane-1,3-dione (IIl) to produce
diene (I-a); (b) saturation of the 9,9a-or 10,10a-double
bond of diene (Ia) to produce monoene (Ib); (c) intro-
duction of a hydroxy, alkoxy, or acyloxy group at the
4a-position and a hydrogen atom at the 9b- or 10b-
position of monoene (Ib) to produce perhydro (Ic); (d)
oxidation of the perhydro compound of formula (I¢) to
form the bicyclic compound of formula X and (e) cy-

g5 clization of the bicyclic compound to produce benz|e-

]Jindene compounds of formula XI.



3,984,428

21

The conditions for the condensation of ketone (1I-a)

or variant (II-a-1 or lI-b) with cyclic dione (I11) are not

narrowly critical, although it is preferred, particularly
when the acyclic ketone is charged as the vinyl ketone,
that a nonoxidizing atmosphere, e.g., nitrogen or argon,
be employed. If desired, an antioxidant, for example,
phenolic compounds such as hydroquinone may be
employed. Furthermore, the reaction can be conducted
in the absence or presence of acid or base promoters.
Suitable basic promoters include those heretofore
known to promote the Michael condensation, including
inorganic bases, for example, alkali metal hydroxides,
such as sodium hydroxide or potassium hydroxide and
organic bases, including alkali metal alkoxides, for
example, sodium or potassium methoxide or ethoxide,
and ammonium hydroxides, particularly benzyltrialk-
ylammonium hydroxides. A preferred class of base
promoters are the amines, especially tertiary amines

and most preferably pyridine-type compounds such as

10

i3
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~1one can be easily recovered from the reaction mixture.

The reaction temperature is not critical and can vary
from room temperature or below to reflux temperature
or higher. The condensation is preferably conducted in
the presence of an inert solvent to insure a fluid reac-
tton mixture and uniform reaction temperatures. Pri-
mary alcohols are not desirable due to their tendency
to react with vinyl ketones. Suitable solvents include
tertiary alcohols such as tert.-butanol; aliphatic and
aromatic hydrocarbons such as cyclohexane, hexane,
octane, benzene, xylene, toluene and the like; ethers
such as diethylether, tetrahydrofuran and the like;
chlorinated hydrocarbons such as carbon tetrachloride,
chloroform and the like; as well as dipolar aprotic sol-
vents such as dimethylsulfoxide and the N,N-disub-
stituted amides such as dimethylformamide or dimeth-
ylacetamide. | |

The product of the condensation, depending upon
the nature of the reaction promoter employed, can be

pyridine and the picolines. Acid promoters which can 20 one or both of the compounds having the formulae:

H | _
YCHthCIECHeGIj" ( Cilz )2
-- VL
J-a-1
YCH2

be employed include organic carboxylic acids such as 55 wherein R,, Y and m are as defined above.

acetic acid or benzoic acid; organic sulfonic acids such
as p-toluenesulfonic acid; and mineral acids such as
sulfuric acid, phosphoric acid, hydrochloric acid and
the like. The amount of promoter employed is not
narrowly critical and can vary from catalytic amounts
to molar amounts. -' | |

The ratio of ketone (II-a) or variant (!I-a-1 or II-b) to
2-lower alkyl-cycoalkane-1,3-dione (IIlI) is not nar-
rowly critical although approximately equimolar
amounts are preferred. Although there is no particular
advantage to the use of excesses of either reactant, the
- 2-alkyl-cycloalkane-1,3-dione can be more readily em-
ployed in excess because, due to its general low solubil-
ity in known organic solvents, unreacted cycloalkaned-

60
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When the promoter is an acid or a relatively weak

base, such as pyridine, or when no promoter is em-

ployed at all, the reaction product obtained is the di-
ene, 1.e., the tricyclic enol ether (I-a-1). When a strong
base, such as sodium or potassium hydroxide, is em-
ployed as a promoter, a crystalline product having the
formula VI is isolated. However, the compounds of
formula VI upon treatment with an acid, such as acetic
acid, para-toluenesulfonic acid, or sulfuric acid, readily
form the dione, i.e., tricyclic enol ether (I-a-1 ). |
The dienes of formula [-a in the presence of water
and acid, e.g., sulfuric acid in acetone, aqueous acetic
acid or aqueous hydrochloric acid in dioxane, undergo
acid hydrolysis to form indenones of the formula:
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wherein R,, Y-and m have the same meaning as above.

The indenones of formula I-a’ are themselves con-
vertible to compounds of formula I-a via dehydration,
for example, via acid catalyzed azeotropic distillation
in benzene. Suitable acid catalysts are p-toluenesul-

fonic acid, potassium bisulfate, boron trifluoride ether-

ate and the like. This reversible hydrolysis of com-
pounds of formula I-a is useful in their preparation and
purification. Thus, in instances where the direct purifi-

cation of compounds of formula I-a is difficult it is

often more facile to hydrolyze the compound of for-
mula I-a to a compound of formula I-a’, which can then
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be purified, for example, by chromatography, and sub-

sequently be reconverted to the desired compound of
formula I-a via dehydration.

The condensation of a vinyl ketone of formula II-a or
a variant thereof of formulae II-a-1 or II-b with a cy-
cloalkane-1,3-dione of formula III results in a specific
stereochemical induction at one member of the critical
C/D-ring junction. Thus, this invention is particularly
advantageous in that it involves a unique asymmetric
induction. The products of the condensation, i.e., the
dienones of formula I-a, have at least two asymmetric

35

40

centers at positions-3 and -6a permitting theoretically

of two racemates or four optical antipodes. However,
as a result of the condensation described in this inven-
tion, when using a racemic starting material of formu-

45

lae Il-a, [I-a-1 or II-b only a single racemate of formula

[-a results and when using an optically active starting
material of formulae li-a, II-a-1 or II-b, only a single
optical antipode of formula I-a results. It has further
been found that when starting with a compound of
formulae Il-a, II-b or Il-a-1 with a 7R-configuration
there 1s obtained the more desirable optical antipode of
formula I-a having a 6aB-absolute configuration. Thus,
to prepare steriodal materials having the more desired

[3B-absolute configuration by the synthesis of this °

Invention one can etther start with the 7R-antipode of
formulae Il-a, H-a-1 or II-b which can be prepared by
the methods described aforesaid or one can resolve at

some intermediate stage subsequent to the condensa-

tion with a cycloalkanedione of formula III or one can
resolve the end-product steriodal material. In any
event, the unique asymmetric induction concurrent to
the condensation of this invention renders the obten-
tion of a single optical antipode as an end-product
more facile.

50

24

The compounds of general formula I-a-1 as described

above are readily converted to their corresponding
derivatives of the formula:

YCHE 1-3-2

wherein Y, Ry, R;, Ry and m are as previously defined.

Thus, the ketodienes of formula I-a-1 are readily
converted to the corresponding 78-alcohols and their
esters or ethers as represented by the formula I-a-2
above by the sequence of reactions comprising reduc-
tion of the ketone to the alcohol and, if desired, subse-
quent esterification or etherification.

The reduction can be effected by any of several
known methods for the chemical reduction of a ketone,:
e.g., by reaction of dienone (I-a-1) with a group III-
metal reducing agent. Group Ill-metals include those
having atomic numbers of from 5 to 13, inclusive, i.e.,

" boron and aluminum. [llustrative examples of these

reducing agents include tri(lower alkoxy)aluminum
compounds such as tritsopropoxyaluminum; di(lower
alkyl)aluminum hydrides such as diethylaluminum hy-
dride and disobutylaluminum hydride; alkali metal-
Group IlI-metal complex hydrides such as lithium alu-

minum hydride, sodium aluminum hydride, and sodium

borohydride; tri(lower alkoxy)alkali metal-Group IlI-
metal complex hydrides such as trimethoxy lithium
aluminum hydride and tributoxy lithium aluminum
hydride and the like. The alkali metal-Group IIl-metal
complex hydrides are preferred as reducing agents,
with lithium aluminum hyclrlde being especially pre-
ferred. |

This reaction is effected in any suitable inert reaction
medium such as hydrocarbons, e.g., cyclohexane, ben-
zene, toluene and xylene or ethers, e.g., diethylether,
dusopropylether and tetrahydrofuran. Protic solvents
such as water or alcohols should not be employed when
lithium aluminum hydride is the reducing agent, but
can be employed with sodium borohydride.

The remaining reaction conditions are not narrowly
critical, although it is generally preferred to effect the

~ reduction at reduced temperatures, i.e., below room
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~ temperature (about 20°-25°C.). Temperatures in the

range of from about 0°C. to about room temperature
are normally employed |

The free alcohol is recovered from the reaction mix-
ture after treatment of the mixture with acid. The alco-
hol can be esterified in known manner, for example, by
base-catalvzed reaction with a carboxylic acid halide or
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carboxylic acid anhydride. Illustrative bases include
inorganic bases such as sodium hydroxide and potas-

stum hydroxide and organic bases such as a sodium

alkoxide or an amine, especially a tertiary amine, and
more particularly, pyridine and the picolines. Similarly,
the alcohols can be reacted in a known manner to yield
the ethers of formula I-a-2. -

The ketodienes of formula I-a-1 can also be con-
verted to their 78-hydroxy-7a-hydrocarbyl derivatives
represented by the formula [-a-2 above by reaction
with a Grignard reagent of the formula: |

RgMgT VIl
wherein Rg 1s as previously defined and T is a halogen
having an atomic number of from 17 to 35 inclusive
~ (i.e., chlorine or bromine).

This Grignard reaction is conducted in a known man-
ner. For example, the Grignard reagent is prepared by
reacting a hydrocarbyl halide with magnesium in an
ether reaction medium, for example, ethylether or tet-
rahydrofuran at elevated temperature, generally in the
range of from about 30°C. to about 75°C. The ketodi-
ene compound l-a-1) is then added to the Grignard
solution at about room temperature, although higher or
lower temperatures can be employed. The resulting
reaction product is hydrolyzed to produce the free
alcohol, which can be esterified or etherified as dis-
cussed above. |

The second step of the general synthesis of the tricy-
clic compounds of this invention comprises conversion
of the dienes of formula I-a to the monoenes of formula
I-b 1n accordance with Reaction Scheme C by a selec-
tive catalytic hydrogenation. The hydrogenation must
be conducted under mild process conditions so as to
avoid hydrogenating the isoxazole moiety. Suitable
noble metal catalysts are palladium, platinum and rho-
dium with the preferred catalyst being palladium.
These catalysts can be employed in the form of the
‘metal alone, or can be deposited on suitable support
materials, such as carbon, alumina, calcium carbonate,
~ barium sulfate and the like. The hydrogenation is pref-
erably conducted in the presence of inert solvents such
as hydrocarbons, alcohols, ethers and the like. The
- reaction conditions of pressure and temperature are
critical. Thus, the hydrogenation is effected at a pres-
sure of about one atmosphere and a temperature of
about room temperature. These ambient conditions are
generally preferred to avoid significant hydrogenation
of the 4a,9b(10b)-double bond or the 1soxazole moiety.
The hydrogenation medium can be acidic or neutral as
may be desired, although a neutral media, such as hy-
drocarbons, e.g., toluene or hexane is preferred for best
results. Optionally, the reaction medium can include
‘mono, di or tri-alkyl amines. In general, hydrogenation
of the diene of formula I-a leads to the corresponding
monoene of formula I-b.

Via the aforesaid catalytic hydrogenation, monoenes
of formula I-b having a C/D-trans ring junction are
formed in a major proportion when hydrogenating a
diene of formula I-a-2. This method thus provides an
advantageous synthesis of C/D-trans steroidal materi-
als. When hydrogenating a diene of formula [-a-1, C/D-
cis compounds are formed in a major proportion. This
‘method thus provides an advantageous synthesis of
C/D-sis steroidal materials. However, when the dienes
are intermediates for the synthesis of steroids having
the C/D-trans-orientation, this technique of using the
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free carbonyl derivative 1s not particularly desirable.
When monoenes of formula I-b having C/D-trans con-
figuration are desired, it is preferable to first reduce the
dienone of formula I-a-1 to a corresponding hydroxy
compound of formula I-a-2 as described aforesaid prior
to the catalytic hydrogenation. Following the catalytic
hydrogenation, the cabonyl moiety in formula I-b-1 can
be regenerated by conventional means, such as oxida-
tion with chromium trioxide, if desired.

The monoenes of formula I-b prepared by the above-
described hydrogenation contain at least three asym-
metric centers, at positions -3, -6a and -9a when m is
one and at positions -3, -6a and -10a when m is two.
With respect to these three centers, there are thus eight
antipodal configurations possible. By virtue of the
unique asymmetric induction described in this inven-
tion, proceeding from a racemic starting material of
formulae II-a, II-a-1 or II-b, only four of these antipodes
of formula I-b are prepared and proceeding from an
optically active starting material of formulae Il-a-1, lI-a
or II-b, only two of these artipodes of formula I-b are
prepared. Moreover, by the above-described hydroge-
nation, there can predominantly be prepared one anti-
pode, having the desired 6a,9a( 10)-trans-ring juncture.
Thus, the eventual obtention of the more desired 138-
C/D-trans-configuration in the ultimate steroidal prod-
ucts i1s rendered more facile by the stereoselective reac-
tions provided by this invention.

‘The monoenes of formula I-b are converted to the
perhydro compounds of formula I-c by reacting the
monoene with a compound having the formula:

R,OH VIl
wherein R, 1s as previously defined.

That is, the monoene of formula I-b is reacted with
water, a primary alcohol, or a carboxylic acid. This
reaction is catalyzed by mineral or organic acids, for
example, hydrochloric acid, phosphoric acid, sulfuric
acid, para-toluenesulfonic acid, and the like. Sulfuric
acid 1s the preferred acid catalyst and water the pre-
ferred reactant. Although not necessary, it is desirable
to conduct this reaction in the presence of an added
solvent, particularly in the event the compound of for-
mula VIII 1s water. In this case, it is desirable to employ
a solvent which is both miscible with water and a sol-

vent for the monoene of formula I-b. Solvents of this

nature include acetone, tert.-butanol, dioxane and the
like. The reaction temperature is not critical and ambi-
ent temperature is normally employed, although higher

~and lower temperatures could be employed if desired.

- It should be noted that the perhydro compounds of
tormula I-c can also exist in equilibrium with an open
isomeric form of the formula lc-1

- wherein Ry, Ry, Z, m and Y are as defined aforesaid.
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Under the process conditions employed in the instant
synthesis the cyclic form of the formula I-c predomi-
nates in the equilibrium mixture.

The compound of formula I-c is oxidized to form the
bicyclic compound of the formula X in accordance 5
with Step (d) of Reaction Scheme C by contact with an
oxidizing agent such as chromic acid. potassium di-
chromate, or potassium permanganate. Jones reagent
(chromium trioxide and aqueous sulfuric acid with
acetone as solvent), or a chromic acid-acetic acid mix- 10
ture 1s preferred as oxidizing agent. The nature of Z is
unchanged in this reaction, except when Z is hydrox-
ymethylene [——CH(OH)—]. In this instance, unless the
hydroxyl group is protected, as by formation of a lower
acyl ester, it is oxidized to form a carbonyl group. Fur- 15
ther, if Z is a ketal, if may be cleaved to form the free
carbonyl group. The reaction temperature is not nar-
rowly critical and temperatures in the range of from
0°C. to about 75°C. are suitable, although ambient
temperature is preferred. o 20

The bicyclic compound (X) is treated with acid or
base to effect cyclization to the tricyclic compound of
formula (XI) in accordance with Step (e) of Reaction
Scheme C. In this reaction, it is preferred that the water
of reaction be removed when acidic conditions are 25
employed as by refluxing the reaction mixture with an
azeotroping agent and separating the water from the
condensate. Suitable strong acids are sulfuric acid,
p-toluenesulfonic acid, potassium bisulfate and the
like. Alternatively, base catalyzed dehydration can be 30
utilized, for example, by refluxing compound (X) in the
presence of methanolic sodium hydroxide. It should be
noted that when starting with a C/D-trans enol ether of
the formula I-b, a trans-anti configuration will be ob-
tained in the enone of the formula XI, i.e, the Cg hydro- 35
gen (Steroid numbering) will be beta.

Alternatively, compounds of the formula XI-b

40
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can be prepared from 1,2,3,3a,4,5,8,9,9a,9b-decahy-
dro-3aB-alkyl-7-oxo-7H-benz[e]indenes and 60
4,4a,4b,5,6,7,8,8a,9,10-decahydro-8aB-alkyl-3H-phe-
nanthren-2-ones wherein the 6 and 1 positions respec-
~tively are substituted with hydrogen, by alkylation with
- a 4-halomethyl 1soxazole. The reaction is suitably con-
ducted in an organic solvent such as 1,2-dimethoxye- 65
thane, dimethylsulfoxide, or a lower alcohol, e.g., etha-
nol in the presence of a strong base such as an alkali
metal alkoxide, e.g., sodium methoxide or an alkali
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metal hydride, e.g., sodium hydride. The reaction can
be conducted at a temperature range of from room
temperature to the reflux temperature of the solvent.

A further aspect of this invention relates to the pro-
cess and intermediate compounds employed to convert
the benz[e]indenes and phenanthren-2-ones of formula
XI-a in accordance with Reaction Scheme D to 19-nor-
steroids of the formula XIV-a.

The cycloolefin compounds of formula Xl-a are hy-
drogenated to the tricyclic compounds of formula XV
in accordance with Step (f) of Reaction Scheme D. The
hydrogenation is preferably effected in a lower alcohol
solvent, e.g., ethanol using a palladium metal catalyst
and carbon carrier although other noble metal catalysts
may be employed. The hydrogenation is conducted
under neutral, acidic or weakly basic conditions sub-
stantially at atmospheric pressure and room tempera-
ture so as to selectively hydrogenate the A%*'® _bond
without substantially hydrogenating the isoxazolyl moi-
ety. Suitable weak bases for this purpose are mono, di
or tri-lower alkyl amines, preferably triethyl amine. It
has been found that the use of base in this hydrogena-
tion step aides in selectively promoting the formation
of the compound of formula XV which has a trans-anti-
trans configuration when trans-anti enones of formula
XI-a are employed as reactants. |

Use of aqueous hydrobromic acid, e.g., 0.003-10
mole equivalents of HBr with a 0.1-20 percent
Pd/BaSO, catalyst in a lower alkanol, e.g., methanol or
ethanol, in this hydrogenation step results in the pro-
motion of the selective formation of the compounds of
formula XV which have a trans-anti-cis configuration
when the trans-anti-enones of formula Xl-a are em-
ployed. In this reaction pressures of preferably about 1
atm. and a temperature of about room temperature
may be conveniently employed. |

The conversion of the tricyclic compounds of for-
mula XV to the steroids of formula XIV-a can be ac-
complished by three alternative reaction methods.
Thus, process routes (1), (m), (o) and (K') hereinafter
referred to as the “heterocyclic anhydrous basic route”
and (1), (m’), (0") and (k') hereinafter referred to as
“heterocyclic aqueous basic route” exemplified in Re-
action Scheme D can be employed. The third method is
described in Reaction Scheme D'.

At this point in the process, it should be noted that all
hydrogenations conducted thus far viz, Steps (3) and
(12) of Reaction Scheme B, Step (b) of Reaction
Scheme C and Step (f) of Reaction Scheme D have
been carefully conducted under mild hydrogenating
conditions, i.€., in the absence of strong base and sub-
stantially at room temperature and atmospheric pres-
sure to selectively avoid hydrogenating the isoxazole
motety to any significant degree. However, the isox-
azole group can now be readily cleaved as described
hereinafter.

The tricyclic compounds of formula XV can be con-
verted to the 19-nor-steroids of formula XIV-a via the
“heterocyclic anhydrous basic route” which comprises
sequential process Steps (1), (m), (o) and (k') of Re-
action Scheme D. Thus, the vinylogous amides of for-
mula XXVII can be obtained from the tricyclic com-
pounds of formula XV via Step (1), in the same reac-
tion mixture that was employed to hydrogenate the
compounds of formula XI-a to the compounds of for-
mula XV[Step (f)], by the addition of strong base to
the reaction medium and then further hydrogenating.
Alternatively, hydrogenation of the isoxazole group of
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the isolated compound XV can be suitable conducted
In the presence of a catalyst, preferably, a noble metal
catalyst, such as rhodium, palladium, platinum, and the
like or Raney nickel. The catalyst can be utilized with
or without a carrier and if a carrier is used, conven-
tional carriers are suitable. Especially preferred is 10
per cent Pd/C. The ratio of catalyst to substrate is not
critical and can be varied. However, it has been found
advantageous to use a weight ratio of catalyst to sub-
strate from about 1:5 to about 1:25. Especially pre-
ferred 1s a ratio of 1:10. The hydrogenation is suitably
effected in an organic solvent, preferably a lower alco-
hol at room temperature and atmospheric pressure in
the presence of strong base, although higher tempera-
tures and pressure may be employed. Preferred bases
for the second hydrogenation are strong alkali metal
hydroxides, e.g., potassium hydroxide, sodium hydrox-

ide and the like. Treatment of the vinylogous amides of

formula XXVII with anhydrous base, in accordance
with Step (m) of Reaction Scheme D, results in dehy-
dration and acyl cleavage of the compounds of formula
- XXVII to yield the dihydro pyridines of formula

XXVIII. Preferred anhydrous bases for this conversion

are alkali metal lower alkoxides, especially sodium
ethoxide. The reaction is conveniently carried out in a

lower alcohol solvent, preferably ethanol. Hydrolysis of
the substituted dihydropyridines of formula XXVIII

with aqueous alcoholic base in accordance with Step
(0) of Reaction Scheme D vyields the diketone com-
pounds of formula XIII'. Cyclization of the latter com-
pounds, which are not isolable, occurs rapidly to give

19-nor-steroids of formula XIV-a in accordance with

- Step (k') of Reaction Scheme D.
| It should be noted when employing the anhydrous
- basic route tha the acyl group S |

0O
!
R, C—

ts selectively cleaved, thus enabling use of mixed isox-
azoles, €.g., those wherein R;5 and R, are not identical.
This route thus permits obtention of uniform steroidal
products vis. — those substituted at the steroidal C-4
position solely with an R’ substituent.
19-Nor-steroids of formula XIV-a can alternatively
be obtained from the vinylogous amides of formula
~ XXVII via sequential process steps (m’), (o’) and (k')
- viz., the heterocyclic aqueous basic route. The most
significant difference between the heterocyclic aque-
ous basic route and the heterocyclic anhydrous basic

route described immediately aforesaid, lies in the dif-

ference between process Steps (m) and {(m’). In the
former case, strong anhydrous base is employed in Step
(m) vyielding heterocyclic compounds of formula
XXVIII and 1n the latter case strong aqueous base such
as, for example, aqueous metal hydroxides, preferably
NaOH, is employed in Step (m’) yielding triketones of
formula XXLX. It should be noted, however, that the
aqueous basic route is not selective and probably also
proceeds via Step (m) as well as Step (m’). The dike-

- tones of formula XII', which are obtained in accor-

dance with Step (o’) by cleaving the triketones of for-
mula XXIX, further react by cyclizing (Step K') to
yield steroids of formula XIV-a. The acyl cleavage
effected in accordance with Step (0') 1s not selective,
that is to say it is not possible to predict whether the
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group or the

O
I
RIEC—"

acyl group will be cleaved. It is, therefore, desirable
when employing the aqueous basic route that R,5; and
R;s be i1dentical or either R;s or R4 be hydrogen in
order to avoid the obtention of mixed steroidal prod-
ucts. If either R;5 or Ry 1s hydrogen, selective cleavage
of the formyl group occurs, thus avoiding mixed steroi-
dal products. | |

[t should be emphasized as one further facet of the
stereoselectivity of the instant invention, that when
tricyclic compounds of formula XV having a trans-anti-
trans-configuration are emgloyed in Reaction Scheme
D, steroids of formula XIV-a having a trans-anti-trans-
anti-configuration are produced. This is highly desir-
able since many pharmacologically valuable com-
pounds possess this configuration. -

Furthermore, when tricyclic compounds of formula
XV having a trans-anti-cis configuration are used in
Reaction Scheme D, steroids of formula XIV-a having

' a trans-anti-cis-anti-configuration are produced. These

compounds are 19-nor-98,10a-steroids which are also
known as 19-nor-retrosteroids and form a further class

- of pharmacologically valuable compounds.
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In compounds represented by the formulae XXVII,
XXVIII and XIII' of Reaction Scheme D, Z' is defined
In an identical manner to Z as defined aforesaid, with
the proviso that Z' can not be a lower alkylenedioxy-
methylene, phendioxy-methylene or dialkoxymethy-
lene or ester function. However, the end-products of
formula XIV-a substituted in the 17-position (steroidal

numbering) by Z are obtained from the precursors of

the formulas which are substituted in the 17-position by
Z' by means known in the art. |

When effecting the conversion of benz[elindenes
and phenanthren-2-ones of formula XI-a to the steroids
of formula XIV-a via either the heterocyclic aqueous
basic group or the heterocyclic anhydrous basic group
in accordance with Reaction Scheme D, variable
amounts of pyridines are produced even when oxygen

1 excluded from the reaction medium. These pyridine

products presumable arise from oxidation or dispropor-
tionation of some of the intermediates.

Therefore, another aspect of this invention relates to
the process and intermediate compounds employed to
convert the tricyclic compounds of formula XV to the
steroids of formula XIV-a in accordance with Reaction
Scheme D’ via process Steps (g), (h), (i), (j) and (k)
which avoids the formation of pyridine intermediates
and thereby correspondingly raises the yield of steroids
produced. Pyridine formation is avoided in accordance
with teachings of this invention by preventing cycliza-
tion to the vinylogous amides of formula XX VII (Reac-
tion Scheme D) by first protecting the 7-position of the
tricyclic compounds of formula XV prior to hydroge-
nating the isoxazole moiety. -

The protected compounds of formula XXV are ob-
tained from the tricyclic compounds of formula XV in
accordance with Step (g) of Reaction Scheme D' by
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converting the free oxo group of the compounds of
formula XV to a group represented by Z'' as defined
aforesaid. This protection can be effected by ketaliza-
tion to form the phendioxy-methylene, lower alkylene-
dioxy-methylene, dilower alkoxy-methylene, or the
monothia, monoaza, or dithia chalcogen thereof by
means known in the art. Preferred ketals are 1,2-ethy-
lenedioxy, 2,3-butylenedioxy, and 2,2-dimethyl-1,3-
propylenedioxy which can be obtained by reaction of
the compounds of formula XV with the corresponding
-alcohols tn a known manner. Alternatively, the oxo
moiety can be converted to its dithia ketal by reaction
with dithioethane in a known manner, for example, in
acetic acid at room temperature and in the presence of
boron trifluoride. Moreover, a monothia ketal can simi-
larly be prepared in a known manner, for example, by
reaction of the oxo moiety with 2- mercaptoethanol In
~ dioxane at room temperature in the presence of zinc
chloride and sodium sulfate. Also, the monoaza ketals
can be prepared in a known manner, for example, by
reaction of the oxo moiety with 2-hydroxyethylamine
in the presence of acid.

Further, the oxo moiety can be reduced to the corre-
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sponding hydroxy compound with for example, sodium

borohydride at low temperature and can then be etheri-
fied or esterified. A preferred ether protecting group 1s
tertiarybutoxy which can conveniently be obtained
from the corresponding hydroxy derivative by reaction
under acid conditions with isobutylene by means
known in the art.

The oxo moiety can be regenerated from its pro-
tected form at any desired stage of the reaction se-
quence. Thus, 1t can be readily produced by hydrolysis
of the alkylenedioxy ketals in a known manner. Simi-
larly, 1t can be regenerated from the dithia ketal in a
“known manner, for example, by treatment with phenyl-
mercuric chloride and calcium carbonate in ethanol or
by treatment with methanolic hydrochloric acid. Also,
it can be regenerated from a monothia ketal in a known
manner, for example, by treatment under strongly

acidic conditions, for example, by treatment with aque-

ous sulfuric acid in dioxane or hydrochloric acid in
acetic acid. Moreover, it can be regenerated from a
monoaza ketal in a known manner, for example, by
treatment with a strong aqueous acid. Also, ethers
and/or esters can be reconverted to the free hydroxy
group which in turn can be oxidized to give the oxo
‘molety.

The protected compounds of formula XXV are hy-
drogenated in accordance with Step (h) of Reaction
Scheme D’ to yield the vinylogous amides of formula
XXVI. The hydrogenation i1s conducted under process
conditions suitable to hydrogenate the isoxazolyl
- groups. A catalyst, preferably a noble metal catalyst,
such as platinum, palladium and the like or Raney
nickel or the like is employed. Especially preferred is
the palladium catalyst. The nobel metal catalyst can be
utilized with or without a carrier and if a carrier is used,
conventional carriers are suitable. It i1s preferred to use
palladium on carbon. Especially preferred 1s 10 percent
Pd/C. The ratio of catalyst to substrate is not critical
and can be varied. However, it has been found advanta-
geous to use a weight ratio of catalyst to substrate from
about 1:5 to 1:25. Especially preferred is a ratio of
1:10. The hydrogenation is suitably effected in the
presence of strong base, preferably an alkali metal
“hydroxide, e.g., potassium hydroxide in an inert or-
ganic solvent for example, lower alcohols, e.g., metha-
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nol, ethanol or isopropanol. The reaction conditions of
pressure and temperature are not narrowly critical as is
the case when 1t 1s desired to avoid hydrogenating the
1soxazole moiety. Therefore, if desired, pressures above
one atmosphere and temperatures above room temper-
ature may be suitably employed.

The vinylogous amides of formula. XX VI are hydro-
lyzed to the diketones of formula XXX in accordance
with Step (1) and cleaved in accordance with Step (j) of
Reaction Scheme D' to yield the ketones of formula
XIII using aqueous alkali hydroxide, preferably sodium
hydroxide. The acyl cleavage effected in accordance
with Step (j) 1s not selective. It is not posmble to pred:ct
whether the

|

group or the

O
]
R, C~

acyl group will be cleaved. It is, therefore, desirable
when employing this route that R,s and R;¢ be selected
so as to-be i1dentical or in the alternative either R, or
R, be hydrogen to avoid the obtention of mixed steroid
products. It should be noted, that if the function at

position C-17 (steroid numbering) is an ester, it will be

cleaved to the free alcohol under the conditions em-
ployed 1n Steps (1) and (j).

Treatment of the ketone of formula XIII wherein Z"
Is a ketal function with a mineral acid, preferably hy-
drochloric acid in a lower alcohol solvent, suitably
methanol at reflux, yields the steroids of formula XIV-a
via Step (k) of Reaction Scheme D' by a process se-

quence of removal of the protecting group and cycliza-
tion. For cases wherein the protecting group Z'' of the

 ketone of formula XII is other than a ketal function,
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the group is first removed and the free carbony! group
1s regenerated by known methods, e.g., in the case of an
alcohol with an oxidizing agent such as Jones reagent

prior to cyclization (Step k).

It should be noted that the process steps carried out
in Reaction Scheme D' are stereoselective viz — if the
tricyclic compounds of formula XV have a trans-anti-
trans-configuration the steroid products of formula
XIV-a have a trans-anti-trans-anti-configuration while
if the tricyclic compounds of formula XV have a trans-
anti-cis configuration the steroid products of formula
XIV-a have a trans-anti-cis-anti-configuration.

In compounds represented by formulae XXV, XXVI
and XIII of Reaction Scheme D, Z'' is defined in an
identical manner to Z, as defined aforesaid, with a
proviso that Z'’ can not be a a free carbonyl function.
However, the end prcducts of formula XIV-a substi-
tuted in the 17-position by Z are obtained from the
precursors of tformula XIV-a which are substituted in
the 17-position by Z'° by means known in the art.

Still another aspect of this invention relates to the
process and intermediate compounds employed to con-
vert the benz[e]indenes and phenanthren-2-ones of the
formula XI-a in accordance with Reaction Scheme E to
the estrones of the formula XXXVI.

The enones of formula Xl-a are converted to the

protected A*'" -compounds of formula XXXI in accor-
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dance with Step (a)-of Reaction Scheme E, wherein R,
Ris, Rig, Z, Z'", W, V and m are defined as aforesaid.
Protection can be effected by ketalization of the free
‘carbonyl group of the compound of the formula XI-a

via methods previously described (Step g, Reaction

Scheme D’). Preferred ketals are 1,2-ethylenedioxy,
2,3-butylenedioxy, 2,2-dimethyl-1,3-propylenedioxy
and the like. As is evident from the structure of com-
‘pounds of formulae XI-a and XXXI ketalization results
1in isomerizing the A¥!®-unsaturated compounds to the
A1D_ynsaturated compounds.

- The protected compounds of formula XXXI are hy-
- drogenated in accordance with Step (b) to yield the
A¥.yinylogous amides of formula XXXII. The hydro-
genation is conducted under identical conditions em-
ployed for the hydrogenation in accordance with Step
(h) of Reaction Scheme D. Unexpectedly, it has been
found in accordance with the teachings of this inven-
tion that the hydrogenation of the compound of for-
mula XXXI is selective, that is only the isoxazole moi-
ety is hydrogenated without hydrogenating the A¥!!-
unsaturated bond to any significant degree.

The resulting vinylogous amide of formula XXXII 1s
treated as before, e.g., Steps (i) and (j) of Reaction
‘Scheme D’ with aqueous alkali metal hydroxide base to
yield the A¥1P-ketones of formula XXXIIL. The A¥'9-
diketones of formula XXXIV are obtained from the
A¥W_ketones of formula XXXIII in accordance with
Step (d) of Reaction Scheme E by treatment with aque-
~ ous mineral or organic acid, preferably acetic acid at a

temperature range of 50°C. to the reflux temperature
of the solvent. |

The diketo A*'®-compounds of formula XXXIV can
be converted to the A% , A¥'%.steroids of formula
XXXV. In a specific embodiment, the diene of formula
XXXV, wherein Z is carbonyl, R',5 is hydrogen, R, is
methyl and m is 1 can be 1somerized to the pharmaceu-
tically valuable compound of formula XXXVI (es-
trone) via Step (f) of Reaction Scheme E if the trans-
anti-stereoisomer of formula XI-a is used as a starting
reactant. These methods of Steps (e¢) and (f) are more
fully described in French Pat. No. 1,305,092, Asmgnee
Roussel-Uclaf.

The compound of formula XIV-a, Reaction Scheme
D’, wherein Z is carbonyl, mis 1, R 1s ethyl and R’ 5 1s
hydrogen ~ (19-nor-18-homo-androst-4-ene-3,17-
dione), can be selectively alkynylated by a suitable
organo metallic acetylide affording norgestrel (138-
ethyl-17a-ethinyl-17-hydroxy-gon-4-ene-3-one), a
known progestational agent. Exemplary of the suitable
alkynylating agents to effect the conversion to norges-
trel are the alkali acetylides such as lithium acetylide,
potassium acetylide, sodium acetylide and the like. The
reaction is carried out in the presence of liquid ammo-
nia in a suitable solvent systern such as benzene or
toluene. The alkynylation is effected preferably at the
reflux temperature of the reaction medium although
temperatures from —60°C. to 30°C. are suitable. Exem-
plary of other suitable reagents to effect the acetylenic
addition is lithium acetylide diamine complex 1in di-
methylformamide as solvent.

Compounds of formula XIV-a wherein Z 1s carbonyl
can be converted into corresponding pharmaceutical]y
valuable known pregnane compounds 1.e., compounds
of which Z is of the formula:
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CH,

by known procedures. (Cf., U.S. Pat. No. 3,383,385,
Bucourt et al.). These procedures for converting an-
drostan-17-ones into pregnanes are best effected if all
carbonyl groups other than that at C-17 are initially
protected. Thus, for example, 19-nor-148-androst-
4-ene-3,17-dione can be converted into 19-nor-14p-
| 7Ta-progesterone.

The 19-nor-compound of formula XiV-a, Reaction
Scheme D', wherein m is 1, Ry is propyl and R’ is
hydrogen are ovulatory inhibitors' {cf., Tetrahedron
Letters, 127 (1967), Velluz et al.]. Additionally, com-
pounds of formula XIV-a wherein R; i1s methyl, R’ s 1S
hydrogen, mis | and Z is carbonyl have been converted
to 19-nor-testosterone acetate, J. Org. Chem., 26, 3904
(1961), L. J. Chinn et al.

Compounds of formula XIV-a of Reaction Scheme
D’ having the trans-anti-cis-anti configuration have
been described in the literature. Thus racemic 19-nor-
98, 10a-androst-4-en-3,17 -dione (Z is carbonyl, m 1s
1, R';5 is hydrogen and R, is methyl) is disclosed by
Torgov et al., Chemistry of Natural Compounds, 1, 138
(1965). Optically active 19-nor-98,10a-testosterone
(Z is hydroxymethylene, mis 1, R';5 1s hydrogen and R,
is methyl) was described by Velluz et al.,, Comptes
Rendues, 252, 3903 (1961) while the 17a-methyl de-
rivative of this compound is described by Farkas et al.,
J. Org. Chem, 34 3022 (1969).

As has been pointed out above, the products of this
invention are produced in the form of various optically
active antipodes, which can be carried through the
entire reaction sequence, or which can be resolved at
suitable places during the reaction sequence. For ex-
ample, at any stage wherein a compound having a sec-
ondary hydroxyl group i1s present, one can react the
secondary alcoho!l with a dicarboxylic acid to form a
half ester. Suitable dicarboxylic acids include lower
alkyl dicarboxylic acids such as oxalic acid, malonic
acid, succinic acid, glutamic acid, adipic acid, or aro-
matic carboxylic acids such as phthalic acid. The re-
sulting half-ester is then reacted with an optically active
base, such as brucine, ephedrine, or quinine, to pro-
duce a diastereomeric salt. The salts, after separation,
are then readily reconverted to optically active alco-
hols. As an alternative, the secondary alcohol can be
reacted with an optically active acid, for example, cam-
phorsulfonic acid. The resulting diastereomeric esters
are then separated and reconverted to the alcohols.

It is preferred that the resolution be effected at some
stage in the synthesis of the compounds of formulae
[l-a, lI-a-1 or II-b as by the resolutions heretofore de-
scribed. Resolution at such early stages in the overall
process described herein is highly preferred because of
the improved efficiency in the production of steroids
having a desired configuration. Because the condensa-
tion of the alken-3-one or variant (ll-a-1, Ii-a or II-b)
with cycloalkanedione (III) is stereo-specific, as are the
subsequent reaction steps, one, by proper selection of
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stereocisomers at these early stages, can ensure that
substantially all of the tricyclic compounds of this in-
vention and the steroids derived therefrom have a se-
lected configuration. Thus, by this technique, the pro-
duction of compounds of the undesired configuration is 3
minimized or prevented entirely, with an attendant
Increase in the efficiency of the production of com-
pounds of the desired configuration.

A further aspect of the present invention relates to
novel 19-nor-retrosteroids of the formula 10

20

| 25
XXXVI

- 30

where R 1s lower alkyl with at least 2 carbon atoms.

‘Compounds of formula XXXVI are anabolic, andro-
genic agents with a favorable anabolic/androgenic ra-
tio. They are pituitary inhibitors, anti-estrogenic and
lower cholesterol level in blood.

In the claims, all compounds should be construed to
include, independently, the racemic form of the com- ,,
pound and independently each enantiomeric form un-
less specifically indicated otherwise.

The following examples are illustrative but not limita-
tive of the invention. All temperatures are stated in
degrees centigrade. Infrared, ultraviolet and nuclear 45
magnetic resonance spectra where taken were consis-
tent with exemplified structures.

EXAMPLE 1
Preparation of 4-carboethoxy-3,5-dimethylisoxazole ¢

A solution of 320 ml. (325 g. = 2.5 moles) of ethyl
acetoacetate, 209 ml. (178 g. = 2.5 moles) of pyrrol-
idine and 600 ml. of reagent grade benzene was heated
at reflux with azeotropic removal of water for two
hours. The benzene was then removed at reduced pres- 55
sure and the residue was distilied through a 10-cm.
Vigreux column yielding 427 g. of ethyl 8-pyrrolidineo-
crotonate as a llght yellow liquid, b.p. 155°-156°10
mm.

- A solution of the ethyl SB-pyrrolidinocrotonate (427 60
g. = 2.33 moles), 190 ml. (182 g., 2.43 mole) of nitro-
ethane and 1300 ml. of triethylamine in 1200 ml. of
anhydrous chloroform was cooled in an ice bath under
nitrogen. A solution of 235 ml. (393 g. = 2.56 mole) of
phosphorous oxychloride in 400 ml. of chloroform was 65
added at such a rate that the temperature did not rise
above 15°. During the addition, which took place over
a three-hour period, a viscous orange precipitate
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formed. This suspension was then stirred under nitro-
gen overnight. As much solvent as possible was re-
moved at reduced pressure and the resulting red-brown
paste was diluted with water and extracted with ether.
The ether solutions were washed sequentially with wa-
ter, 3N hydrochloric acid, water, 5 percent sodium

 hydroxide solution and water, and were dried over

anhydrous sodium sulfate. Solvent removal at reduced
pressure gave a dark oil which was distilled through a
short Vigreux column to give 4-carboethoxy-3,5-

dimethyl-isoxazole as a slightly cloudy, colorless liquid
of b.p. 100°/1 Imm.

EXAMPLE 2
Preparation of 3,5-dimethyl-4-hydroxymethylisoxazole

A suspension of 100 g (2.63 moles) of lithium alumi-
num hydride in 2.5 liters of anhydrous ether was stirred
under nitrogen as a solution of 272 g. (1.61 mole) of
the 4-carboethoxy-3,5-dimethylisoxazole prepared in
Example 1 above in 400 ml. of anhydrous ether was
added at such a rate as to maintain a gentle reflux. The
suspension was stirred at room temperature under ni-
trogen overnight, during which time an extremely
gummy green-gray mass formed in the bottom of the
flask. The mixture was cooled in an ice bath and hydro-
lyzed with saturated aqueous sodium sulfate solution.
Anhydrous sodium sulfate was added to dry the ether
solution. The salts were removed by filtration and
washed carefully with ether and chloroform. Solvent
removal from the filtrates, finally at 50°/0.1 mm., gave
a white crystalline mass. This was triturated with hot
ether and then cooled. Filtration gave 3,5-dimethyl-4-

- hydroxymethyl-isoxazole as white prisms, m.p.

76.5°/77.5°. Concentration of the mother liquors gave a
second crop of prisms, m.p. 76.5°-78°.

EXAMPLE 3
Preparation of 4-chloromethyl-3,5-dimethylisoxazole

A solution at 36.3 ml. (60.0 g., 0.5 mole) of thionyl
chloride 1n 50 ml. of methylene chloride was cooled in
an ice bath under a very slight negative pressure (for
fume removal). A solution of 40.0 g. (0.314 mole) of
3,5-dimethyl-4-hydroxymethylisoxazole in 75 ml. of
methylene chloride was added over 2 £ hours. The
resulting solution was stirred at room temperature for
2.0 hours. The solvent was removed at reduced pres-
sure and the residue was distilled to give the desired
chioride as a pale yellow liquid, b.p. 91.5°-93%15 mm.

EXAMPLE 4

Preparation of
(3,5- d1methyl—4-lsoxazolylmethyl)trlphenylphos-
phonium chloride

A solution of 59.6 g. (0.402 mole) of 4- chlorometh-
yl-3,5-dimethylisoxazole, prepared as described above,
and 116 g. (0.44 mole) of triphenylphosphine in 1 liter
of toluene was heated at reflux under nitrogen for 6
hours. The resulting suspension was cooled and fil-
tered. The filtrate was heated at reflux for an additional
20 hours. The precipitate was again removed by filtra-
tion and the combined solids were washed well with
ether and benzene. The solvent was removed from the
filtrate and the residue was taken up 1n 150 ml. of fresh
toluene and refluxed for an additional 18 hours. Filtra-
tion as before gave another small quantity of solid. The
combined solids were crystallized from ethanol-ether
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to give the desired phsophonium salt as a cream-white
solid, m.p. 313°-316°.

A sample from a similar preparatlon was crystallized
again from ethanol-ether to give analytically pure ma-
terial as small white prisms, m.p. 303°-305°. (The melt- 3
ing point of this compound is dependent on the rate of
heating.)

Anal. Calcd. for C, ;H,;CINOP: C, 70.67; H, 5.68; Cl,
8.69; N, 3.44; O, 3.92; P, 7.60. Found C, 70.73; H,
569 N, 3.55; Cl, 8.66.

EXAMPLE 5

Preparation of racemic
3,5-dimethyl-4-(3,4-dihydro- 2H-pyran 2-ylvinyl)
1soxazole

8.75 G. (0:20 mole) of 55 percent sodium hydride
dispersion was washed under nitrogen with dry pentane
to remove the mineral oil. To the flask was added 600
ml. of dimethylsulfoxide (dried over Linde 3A molecu-
lar sieves). The resulting suspension was carefully de-
gassed, placed under nitrogen, and heated at 70°-75°
for 1 hour. The gray-green solution was cooled to ap-
proximately 15° and 91.6 g. (0.20 mole) of (3,5-
dimethyl-4-1soxazolylmethyl)triphenylphosphonium
chloride, prepared as described in Example 4 above,
was added 1n one portion. After approximately 5 min-
utes, a bright orange precipitate formed in the initially
dark red solution. This suspension was stirred at room
temperature for 45 minutes. To the mixture was then 3,
added, drop-wise via syringe, 25.0 g. (0.223 mole) of
acrolein dimer (freshly distilled from and into hydro-
quinone) at such a rate that the temperature remained
less than 30° (10-15 minutes with water bath cooling).
‘The hght orange-brown solution was stirred at room
temperature for 20 minutes, and then at 60°-65° for 3
hours. (In some experiments, the mixture became very
black during the heating period). The reaction mixture
was cooled, poured onto ice, and slurried until all of the
dark oil solidified. The suspension was filtered and the
- filter cake was washed well with pentane. The filtrates

were extracted with pentane and the pentane solutions
~ were washed with water and brine and dried over anhy-

drous sodium sulfate. Solvent removal gave a slightly
orange oll which was distilled from a small quantity of 45
anhydrous potassium carbonate to give the desired
product as a colorless liquid, b.p. 83°~85°/0.1 mm. A
similarly prepared sample of b.p. 77°-80°/0.5 mm. was
submitted for analysis. -

Anal. Calced. for CoHsNO,: C, 70.22; H, 7.37; N, s
6.82; O, 15.59. Found: C, 70.45; H, 7.44; N, 6.60.

EXAMPLE 6

Preparation of racemic
7-(3,5-dimethyl-4-isoxazolyl)-5-hydroxy-A®- heptenmc 55
acid lactone
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- To a solution of 33.5 g. (0.163 mole) of 3,5-dimeth-

yl-4-(3,4-dihydro-2H-pyran-2-ylvinyl) isoxazole, pre-
pared as described in Example 5 above, in 400 ml. of
dioxane, was added 400 ml. of IN sulfuric acid and the 60
cloudy solution, which soon cleared, was stirred at
room temperature for | hour. The mixture was poured
into 2 liters of saturated aqueous sodium bicarbonate
solution and extracted well with ether. The ether ex-
tracts were washed with brine and dried over anhy-
drous sodium sulfate. Solvent removal gave a colorless
oil, the infrared spectrum of which indicated that com-
plete hydration of the enol ether had taken place. This
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material was taken up in 2 liters of benzene and placed
under nitrogen. To the flask was added 400 g. of man-

~ ganese dioxide and the resulting suspension was stirred

at room temperature for 40 hours. The manganese
dioxide was removed by filtration and carefully washed
with fresh benzene. Solvent removal from the filtrate
gave 23 g. of yellow solid. Two crystallizations of this
material from benzene-ether gave the desired lactone
as a cream-white powder, m.p. 90.0°-91.5° A sample
from a similar preparation was crystallized again from
the same solvent pair to give analytically pure material
as fine white needles, m.p. 91°-92.5°,

“Anal. Calcd. for C12H15N03. C, 6514, H, 6,83, O,
21.70; N, 6.33. Found: C, 64.93; H, 6.71; N, 0.06.

EXAMPLE 7

Preparation of racemic
7-(3,5-dimethyl-4-isoxazolyl)-5- hydroxyheptanmc acid
lactone |

A. From racemic 7-(3,5-dimethyl- 4-lsoxazolyl) 5-
hydroxy-A®-heptenoic acid lactone

A mixture of 16.80 g. (76.0 mmoles) of racemic
7-(3,5-dimethyl-4-isoxazolyl)-5-hydroxy- AS-heptenoic
acid lactone, 400 ml. of ethyl acetate, and 500 mg. of
10 percent palladium on carbon was hydrogenated at
room temperature and atmospheric pressure. Uptake
(1.25 X theoretical) was rapid and ceased after 2 hours.
The catalyst was removed by filtration and washed with
fresh ethyl acetate. Solvent removal gave a colorless oil
which was crystallized from ether at —20° to give the
desired product as white microprisms, m.p. 59°-62°. A
small portion of a similarly prepared sample was crys-

tallized again from ether to give white microprisms of

m.p. 61°-62.5°% A0 220 mu (e = 5350).

Anal. Calcd. for C;oH{;NO;: C, 64.55;: H, 7.68; O,
21.50; N, 6.27. Found: C, 64.59; H, 7.77: N, 6.12.

B. From 3,5-dimethyl-4-(3,4-dihydro-2H-pyran-2-
ylvinyl) 1soxazole |

To a solution of 1.0 g. (4.88 mmoles) of 3,5-dimeth-
yl-4-(3,4-dihydro-2H-pyran-2-ylvinyl) isoxazole, pre-
pared as described in Example 5 above, in 10 ml. of
ethanol was added 5 drops of IN sulfuric acid. The
solution was stirred at room temperature overnight,

poured into excess saturated aqueous sodium bicarbon-

ate solution, and extracted with ether. The ether ex-
tracts were washed with water and saturated brine and
dried over anhydrous sodium sulfate. Solvent removal
gave 1.25 g. of pale yellow liquid whose infrared spec-
trum indicated that formation of racemic 3,5-dimethyl-
4-(6-ethoxytetrahydropyran-2-ylvinyl)isoxazole  was
complete. This material was taken up in 10 ml. of ethyl
acetate. To this solution was added 25 mg. of 10 per-
cent palladium on carbon and the resulting mixture was |
hydrogenated at room temperature and atmospheric
pressure. After 2 hr., one equivalent of hydrogen had
been consumed and uptake ceased. The catalyst was
removed by filtration and washed with fresh ethyl ace-

~ tate. Solvent removal from the filtrates gave 1.28 g. of

racemic  3,5-dimethyl-4-(6-ethoxytetrahydropyran-2-
ylethyl)-isoxazole as a colorless oil whose infrared
spectrum indicated that the hydrogenation was com-
plete. This crude acetal was taken up in 20 ml. of diox-
ane. To the flask was added 10 ml. of IN sulfuric acid
and the resulting solution was stirred at room tempera-
ture for 4 hr. It was then poured into excess saturated
aqueous sodium bicarbonate solution and extracted
with ether. The ether extracts were washed with satu-
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rated brine and dried over anhydrous sodium sulfate.
Solvent removal gave racemic 3,5-dimethyl-4-(6-
hydroxytetrahydropyran-2-ylethyl)-isoxazole as a vis-
cous oil. The crude hemiketal was taken up in 25 ml. of
1,2-dichloroethane, degassed and placed under nitro-
- gen. To the flask was added 7.5 g. of manganese diox-
ide and the resulting suspension was stirred at room

temperature overnight. The manganese dioxide was

- removed by filtration and washed with fresh solvent.
Solvent removal from the filtrates gave a pale yellow

resin which was crystallized from ether at —20°C. to
~ give the desired acetone as a white solid of m. p-
60°-62°. A similarly prepared sample was shown by its
Infrared and nmr spectra, mixture melting point, and

thin layer chromatographic behavior to be identical

with the material prepared as described above in part
A

C. Via Racemic 7- (3,5- d1methyl-—4-1soxazelyl) 5-0x0-
heptanoic acid

A solution of 3,5-dimethyl-4-(6-hydroxytetrahydro-

S
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pyran-2-ylethyl)-isoxazole, prepared as described in

part B from 60.5 g. (0.294 mole) of racemic 3,5-
dlmethyl 4-(3 ,4-dihydro-2H-pyran-2-ylvinyl)-isox-

azole, in 600 ml. of acetone was cooled in an ice bath
as 400 ml. of Jones reagent was added dropwise over a
1.0 hr. period. The resulting suspension was stirred at
- room temperature overnight. Saturated sodium bisul-

23

30

- fite solution was added to destroy the excess oxidizing

agent and most of the acetone was removed at reduced
pressure. The residue was diluted with water, saturated
with sodium chloride, and extracted with ethyl acetate.
The ethyl acetate solutions were washed with brine and
then with excess saturated aqueous sodium bicarbonate
solution. The sodium bicarbonate solutions were
washed with ether, acidified with 3N hydrochloric acid,
saturated with sodium chloride, and extracted with
ethyl acetate. The ethyl acetate solutions were washed
with brine and dried over anhydrous sodium sulfate.
Solvent removal at reduced pressure gave a pale yellow
resin. Crystallization of this material from ether gave
two crops of racemic 7-(3,5-dimethyl-4-isoxazolyl)-5-

oxo-heptanoic ac:d as a fine white powder m.p.
61.5°-63.5°

35

40
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Anal. Calcd. for C,H,;NO,: C, 60.24: H. 7 16; N,

5.85. Found: C, 60.15; H, 7.29; N, 5.78.

A solution of the keto acid prepared above (41.2 g.,
0.173 mole) in 600 ml. of 1sopropyl alcohol was placed
under nitrogen. To this solution was carefully added
10.0 g. (0.296 mole) of sodium borohydride. After the
initial vigorous reaction had subsided, the cloudy solu-
tion was heated at reflux overnight. A major portion of
the solvent was then removed at reduced pressure. The
residue was diluted with water, acidified with 1N hy-
drochloric acid, saturated with salt, and extracted with
ether. The ether solutions were washed with brine and
dried over anhydrous sodium sulfate. Solvent removal
at reduced pressure gave racemic 7-(3,5-dimethyl-4-
isoxazolyl)-5-hydroxyheptanoic acid as a cloudy color-
less resin. This material was heated to 220°/0.3 mm., at
which time a colorless liquid rapidly distilled. Crystalli-
zation from ether gave the des:red lactone as white
prisms, m.p. 61°-63°, |
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7-(3,5-dimethyl-4-isoxazolyl)-5-hydroxy

40
EXAMPLE 8

Racemic-3-[2-(3,5-dimethyl-4-isoxazolyl)ethyl]-6a 8-
methyl-1,2,3,5,6,6a-hexahydrocyclopenta[f][ ! Jbenzo-
| pyran-7(8H)-one

A. A solution of 10.0 g. (44.8 mmoles) of racemic
7-(3,5-dimethyl-4-isoxazolyl )-5-hydroxyheptanoic acid
lactone, prepared as described in Example 7 above, in
150 ml. of freshly distilled tetrahydrofuran was cooled
in a dry ice-isopropy! alcohol bath under nitrogen. A 25
per cent (weight/volume) solution of vinyl magnesium
chloride in tetrahydrofuran (25 mi., 75 mmoles) was
added via syringe at a rate such that the temperature
remained at approximately —60°. The mixture was
stirred at —70° for 15 min., and then carefully hydro-
lyzed with 5 ml. of methanol. It was then poured onto -
ice, 24 g. of ammonium chloride, and 8 ml. of acetic
actd. The resulting solution was extracted with ether
and the ether solutions were washed with water, satu-
rated aqueous sodium bicarbonate solution, and satu- -
rated brine and dried over anhydrous sodium sulfate.
After 10 minutes, 10 ml. of diethylamine was added to
the ethereal solution of racemic 9-(3,5-dimethyl-4-
isoxazolyl)-7-hydroxynon-1-en-3-one. Ten minutes
later, solvent removal gave crude racemic 2-(2-die-
thylaminoethyl)-6-[2-(3,5-dimethyl-4-isoxazolyl )e-
thyl]tetrahydropyran-2-ol as a light yellow oil. This
material was taken up in ether and extracted with a
total of 100 ml. of IN hydrochloric acid followed by 25
ml. of water. The aqueous solutions were washed with
ether and then placed under a layer of ether in an ice
bath. The solution was made basic with 3N sodium
hydroxide and then extracted with ether. The ether
extracts were washed with water and saturated brine
and dried over anhydrous sodium sulfate. Solvent re-
moval gave the Mannich base as a pale yellow oil.

A solution of 5.3 g. (47.2 mmoles) of 2-methylcyclo-
pentane-1,3-dione in 150 ml. of toluene and 50 ml. of
acetic acid was carefully degassed, placed under nitro-
gen and heated at reflux for 5 minutes. A solution of

‘the Mannich base prepared above in 50 ml. of toluene

was added and refluxing was continued for 2 hr. The
cooled solution was washed with water, saturated aque-
ous sodium bicarbonate solution and saturated brine
and dried over anhydrous sodium sulfate. Solvent re-
moval gave a reddish-orange gum which was filtered
through 150 g. of Woelm neutral alumina, activity
grade IIl. Elution with benzene brought off a light pink
band followed by a yellow band. Solvent removal from
the eluent gave the desired dienol ether as a light
orange crystalline solid.

A sample of this product was crystallized from ether-
hexane and then from ether at —20° to give analytically
pure racemic 3-[2-(3,5-dimethyl-4-isoxazolyl)ethyl]-
6apB-methyi-1,2,3,5,6,6a-hexahydrocyclopentaf][ 1-
Jbenzopyran-7(8H)-one as light yellow prisms of m.p.
[13°-116°.

Anal. Calcd. for Cy,H,sNO,: C, 73.36; H, 7.70; N,

4.28; O, 14.66. Found: C, 73.64; H, 7.72; N, 4.57.

B. To a solution of 20.0 g. (89.6 mmoles) of racemic
heptanoic
acid lactone, prepared as described in Example 7
above, in 100 ml. of dry toluene, which had been
cooled to —70°C. under nitrogen, was added 95 ml. of
a 20% solution of diisobutylaluminum hydride drop-
wise over a period of % hour. The mixture was stirred
| hour at —70°C., and then hydrolyzed in the cold with
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80 ml. of 6 N sulfuric acid. After the solution had
warmed to room temperature, the layers were sepa-
rated and the organic solutions were washed with wa-
ter, saturated aqueous sodium bicarbonate solution and
brine and dried over anhydrous sodium sulfate. Solvent
removal at reduced pressure gave racemic 3,5-dimeth-
yl-4-(6-hydroxytetrahydropyran-2-ylethyl)isoxazole as
18.1 g. of colorless viscous oil.

In a previously dried flask, 200 ml. of a I M solution

of vinyl magnesium chloride in tetrahydrofuran was -

stirred at room temperature as a solution of the hemi-
acetal prepared above (alternatively, hemiacetal pre-
pared as described in Example 7 may be used) in SO ml.
of tetrahydrofuran was added at such a rate that the
temperature remained less than 35° The mixture was
stirred at room temperature overnight and then hydro-
lyzed by pouring onto ice and ammonium chloride.
Extraction with ether, washing the ether solutions with
brine, drying over anhydrous sodium sulfate, and sol-
vent removal gave racemic 9-(3,5-dimethyl-4-1sox-
azolyl)-non-1-en-3,7-diol as a viscous colorless resin.
To a solution of the diol prepared above and 0.25 g.
of hydroquinone in 600 ml. of 1,2-dichloroethane was
added 120, g. of manganese dioxide. The resulting
slurry was stirred 6 hours at room temperature before
. the manganese dioxide was removed by filtration. The
filter cake was washed well with fresh 1,2-dichloroe-
thane and the combined filtrates were concentrated to
500 ml. To this solution of racemic 9-(3,5-dimethyl-4-
isoxazolyl)-7-hydroxy non-l-en-3-one was added 10
ml. of diethylamine. After % hour, solvent removal at
reduced pressure gave crude racemic 2-(2-die-
thylaminoethyl)-6-[2-(3,5-dimethyl-4-isoxazolyl-
Jethyl] tetrahydropyran-2-ol as a light yellow oil. This
material was taken up in ether and extracted with a
total of 100 ml. of 1N hydrochloric acid followed by 25
ml. of water. The aqueous solutions were washed with
ether and then placed under a layer of ether in an ice
bath. The solution was made basic with 3N sodium
hydroxide and then extracted with ether. The ether
extracts were washed with water and saturated brine
and dried over anhydrous sodium sulfate. Solvent re-
moval gave the Mannich base as a pale yellow oil.
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A solution of 5.3 g. (47.2 mmoles) of 2-methylcyclo- 4«

pentane-1,3-dione in 150 ml. of toluene and 50 ml. of
acetic acid was carefully degassed, placed under nitro-
gen and heated at reflux for 5 minutes. A solution of
the Mannich base prepared above in 50 ml. of toluene
was added and refluxing was continued for 2 hours.

The cooled solution was washed with water, saturated
aqueous sodium bicarbonate solution and saturated
brine and dried over anhydrous sodium sulfate. Solvent
removal gave a reddish-orange gum which was filtered
through 150 g. of Woelm neutral alumina, activity
grade III. Elution with benzene gave dienol ether spec-
trally identical with the material prepared in part A as

a pale orange sohd

" EXAMPLE 9

~ Preparation of racemic
trans-anti-6- [(3,5-dimethyl-4-1soxazolyl)methyl]-3a-
 methyl-1,2,3a,4,5,9,92,9b-octahydro-3H-benz(e)
indene-3,7(8H )- d10ne

A suspension of 1.60 g. (41 mmoles) of lithium alu-
minum hydride in 150 ml. of freshly distilled tetrahy-
drofuran was cooled under nitrogen in an tce bath as a
solution of 12.0 g. of the dienol ether racemic 3-[2-
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(3,5-dimethyl-4-isoxazolyl) ethyl]-6a-methyl-
1,2,3,5,6,6a-hexahydrocyclopenta(f][ 1 Jbenzopyran-7-
(8H)-one, the preparation of which i1s described in

“Example 8, in 50 ml. of tetrahydroguran was added

over 10 minutes. The suspension was stirred at 0° for
another 10 minutes and then at room temperature for
% hr. The mixture was cooled again in an ice bath,
carefully hydrolyzed with saturated aqueous sodium
sulfate solution, and dried over anhydrous sodium sul-
fate. The salts were removed by filtration and washed
with fresh tetrahydrofuran and chloroform. Solvent
removal from the filtrates gave a cream-white solid.
Normally the hydroxy dienol ether thus obtained was
used without further purification. However, the mate-
rial from one experiment was crystallized from ether-
tetrahydrofuran and then from tetrahydrotfuran to give
analytically pure racemic 3-[2-(3,5-dimethyl-4-1s0x-
azolyl)ethyl]-6a-methyl-1,2,3,5,6,6a,7,8-octahy-
drocyclopenta[f][ 1 ]benzopyran-78-0l, as a cream-
white crystalline powder, m.p. 158.5°-165°.

Anal. Calcd. for Cy0Hy;NO3: C, 72.92; H, 8.26; O,
14.57: N, 4.25. Found: C, 73.22; H, 8.26; N, 4.03.

The crude hydroxy dienol ether prepared above was
dissolved in 350 ml. of freshly distilled tetrahydrofuran.
To this solution was added 750 mg. of a 5 per cent
palladium on carbon catalyst and the resulting mixture
was hydrogenated at atmospheric pressure and room

temperature. Uptake of one equivalent of hydrogen

took 4 hours. The catalyst was removed by filtration
and washed with fresh tetrahydrofuran. Solvent re-
moval gave racemic trans-3-{2-(3,5-dimethyl-4-1s0x-
azolyl)ethyl]-6a-methyl-1,2,3,5,6,6a,7,8,9,9a-decahy-
drocyclopenta[f][l]benzopyran-TB ol as a pale green
resin.

A solution of the hydroxy enol ether trans-3-[2-(3,5-
dimethyl-4-isoxazolyl )ethyl }-6a-methyl- |
1,2,3,5,6,6a,7,8,9,9a-decahydrocyclopentalf}[1]ben-
zopyran-73-ol prepared above in 250 ml. of acetone
was stirred at room temperature with 125 ml. of IN
sulfuric acid for 1% hr., during which time the solution
became light pink in color. This solution was carefully
poured into excess saturated aqueous sodium bicarbon-
ate solution and extracted with chloroform. The chlo-
roform solutions were washed with brine and dried
over anhydrous sodium sulfate. Solvent removal gave
racemic trans-3-[2-(3,5-dimethyl-4-isoxazolyl)ethyl]-
6a-methyl-perhydrocyclopenta[f][1}benzopyran-
4a,73-diol as a yellow resin. The infrared spectrum of
this sample showed that complete hydration of the enol
ether had occurred.

- A solution of the hemiketal trans-3-{2-(3,5-dimethyl-
4-1soxazolyl)ethyl}-6a-methyl-perhydrocyclopen-

~ ta[f]{l]benzopyran-4a,78-diol- in 400 ml. of acetone

55

was cooled in an ice bath as a solution of 20 g. (0.20
mole) of chromium trioxide in 100 ml. of 6N suifuric
acid was added dropwise over %2 hr. The mixture was
stirred at 0° for another % hr., and then at room tem-

~ perature for 1% hr. It was then diluted with water and

6()
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extracted with benzene. The benzene extracts were
washed with water, saturated aqueous sodium bicar-
bonate solution and saturated brine and dried over
anhydrous sodium sulfate. Solvent removal gave race-
mic trans-4-[3-0x0-5(3,5-dimethyl-4-isoxazolyl)pen-
tyl]- la-methyl perhydromdan 1,5-dione as a pale yel-
low resin.

The crude trione trans-4-[3-o0x0-5-(3,5- dlmethyl 4-

isoxazolyl)pentyl]-la-methyl-perhydroindan-1,5-dione
was dissolved 1in 100 ml. of methanol, carefully de-
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gassed and placed under nitrogen. To the solution was
added 1 g. of potassium hydroxide and the resulting
black mixture was heated at reflux under nitrogen for
1% hr. The cooled solution was diluted with water and
extracted with benzene. The benzene extracts were
washed with water and saturated brine and dried over
anhydrous sodium sulfate. Solvent removal gave 8.33 g.
of an orange solid which was filtered through 150 g. of

Woelm neutral alumina, activity grade I. Elution with

3:1 benzene:ether slowly brought off the .desired isox-
azole ene-dione (In later experiments, the use of activ-
“ity grade Il neutral alumina and elution with benzene
was found to be superior). Crystallization from ben-
zene-hexane gave the desired product as white prisms,
m.p. 141°~143.5° A sample from a similar preparation
was crystallized again from benzene-hexane to give an
analytically pure material, m.p. 141.5°-143.5°.

Anal. Calcd. for C,H,sNO4: C, 73.36; H, 7.70; N,
- 4.28; O, 14.66. Found: C, 73.39; H, 7.64: N, 4.38.

EXAMPLE 10

Preparation of racemic
19-nor-Androst-4-en-3,17-dione

A mixture of 1.00 g. (3.06 mmoles) of the isoxazole
ene-dione racemic trans-anti-6-(3,5-dimethyl-4-isox-
azolylmethyl)-3a-methyl-1,2,3a,4,5,9,9a,9b-octahy-
dro-3H-benz(e)indene-3,7(8H)-dione, prepared as
described 1n Example 9 above, 60 mg. of 10 per cent
palladium on carbon, and 100 ml. of 3:1 ethanol trieth-
ylamine was hydrogenated at atmospheric pressure and
room temperature. Within 1 hour, one equivalent of
hydrogen had been taken up and uptake had ceased.
Normally, the product was not 1solated. In one case
however, the catalyst was removed by filtration and
after solvent removal the crude product was crystal-
lized from benzene-hexane to give pure racemic trans-
anti-trans-anti-6-{ (3,5-dimethyl-4-isoxazolyl)methyl]-
3a-methyl-3a,4,5,53,8,9,9a,9b-octahydro-1 H-benz{e-
Jinden-3,7(2H,6H)-dione as white prisms of m.p.
137.5°-139.5°%.

Anal. Calcd. for C,H,,NO,: C, 72.92; H, 8.26; N,
4.25; O, 14.57. Found: C, 72.89; H, 7.93; N, 4.22,
4.34.

To the hydrogenation mixture described above was
added 10 ml. of a IN potassium hydroxide in ethanol
solution which had been carefully degassed and placed
under nitrogen. After 1% hr., a second equivalent of
hydrogen had been taken up. The catalyst was removed
by filtration and washed with fresh ethanol. Solvent
removal from the filtrates gave the vinylogous amide as
a pale yellow resin which was immediately taken up in
- 25 ml. of butyl alcohol. This solution was carefully
degassed and placed under nitrogen. To the flask was
‘added 100 ml. of a previously degassed 20 per cent

aqueous potassium hydroxide solution. The resulting

two phase mixture was heated at reflux under nitrogen
for 20 hours. The cooled solution was diluted with
water and extracted with ether. The ether extracts were
washed with water, IN hydrochloric acid, water, and
saturated brine and dried over anhydrous sodium sul-
fate. Solvent removal gave 690 mg. of yellow crystal-
line solid. This material was chromatographed on 100
g. of Merck silica gel. Elution with 7:2 and 7:3 ben-
zene:ether mixtures gave a light yellow solid which was
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homogenous by thin layer chromatography. Crystalli-

zation from acetoneisopropyl ether gave racemic 19-

44
nor-androst-4-ene-3,17-dione as a very pale yellow
solid, m.p. 156.5°-158.5".

EXAMPLE 11

Preparation of
trans-anti-trans-anti-6-[ (3,5-dimethyl-4-isoxazolyl yme-
thyl}-3,3,7,7,-bis(ethylenedioxy)-3a-methyl-perhydro-

IH-benz[e]indene

A solution of 654 mg. (2.0 mmoles) of the isoxazole
ene dione racemic trans-anti-6-(3,5-dimethyl-4-1s0x-
azolylmethyl)-3a-methyl-1,2,3a,4,5,9,9a,9b-octahy-
dro-3H-benz(e)indene-3,7(8H)-dione prepared as de-
scribed above, in 50 ml. of 3:1 ethanol:triethylamine
containing 60 mg. of 10 per cent palladium on carbon
was hydrogenated at atmospheric pressure and room
temperature. After 1.0 hr. uptake (1.0 equivalent) had
ceased. The catalyst was removed by filtration and
washed with fresh ethanol. Solvent removal from the
filtrates gave the i1soxazole dione, racemic trans-anti-
trans-anti-6-[ (3,5-dimethyl-4-isoxazolyl)methyl]-3a-
methyl-3a,4,5,5a,8,9,9a,9b-octahydro-1H-benz[ e ]in-
den-3,7(2H,6H )dione as a colorless foam. This mate-
rial was taken up in 15 ml. of ethylene glycol and 50 mi.
of benzene, degassed, and placed under nitrogen. To
the solution was added 400 mg. of p-toluenesulfonic
actd monohydrate and the resulting mixture was heated
at reflux under nitrogen, with azeotropic removal of
water, for 21 hr. After 2 hr., Linde 3A molecular sieves

‘were placed in the Dean-Stark trap. The pale pink

solution was extracted with excess saturated aqueous
sodium bicarbonate solution and brine and dried over
anhydrous sodium sulfate. Solvent removal at reduced
pressure gave the crude 1soxazole diketal as a very pale
yellow resin.

Pure 1soxazole diketal, racemic trans-anti-trans-anti-
6-[(3,5-dimethyl-4-1soxazolyl)methyl]-3,3,7,7-bis(e-
thylenedioxy)-3a-methyl-perhydro-1H-benz[e]indene,
was obtained from one such reaction by crystallization
of the crude material from ether at —20°C.

Anal. Calcd. for C,;H4:-NO;: C, 69.03; H, 8.45; N,
3.35; O, 19.16. Found: C, 69.34; H, 8.64; N, 3.35.

EXAMPLE 12

Preparation of racemic
trans-anti-trans-anti-3,3,7,7-bis(ethylenedioxy)3a-
- methyl-6-(3-oxobutyl)perhydro-1H-benz[ e Jindene

The crude noncrystalline 1soxazole diketal racemic
trans-anti-trans-anti-6-{(3,5-dimethyl-4-isoxazolyl yme-
thyl]-3,3,7,7-bis(ethylenedioxy)3a-methyl-perhydro-
IH-benz[e]indene whose preparation is described In
Example 11 above was dissolved in 40 ml. of ethanol
containing 1.5 g. of potassium hydroxide and 80 mg. of
10 per cent palladium on carbon. The resulting solution
was hydrogenated at atmospheric pressure and room
temperature, under which conditions uptake of one
equivalent of hydrogen took 4 hr. The catalyst was
removed by filtration and washed with fresh ethanol.
The solvent was removed from the filtrates until a resi-
due of approximately 10 ml. remained. This solution of
the vinylogous amide was degassed and placed under
nitrogen. A previously degassed 20 per cent aqueous
potassium hydroxide solution (50 ml.) was added and
the resulting mixture was heated at reflux under nitro-

~gen for 18 hr. The cooled solution was diluted with

water and extracted with benzene. The benzene solu-
tions were washed with brine and dried over anhydrous
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sodium sulfate. Solvent removal gave the desired oxo

diketal as a pale yellow resin. _
Crystallization of the product of a similar preparation

~ four times from ether yielded analytically pure racemic

trans-anti-trans-anti-3,3,7,7-bis(ethylenedioxy)-3a-
methyl-b-(3-oxobutyl)perhydro-1H-benz[e]indene as
fine white needles, m.p. 126.5°-128°. This layer chro-
matography (1:1 benzene-ethyl acetate) showed only
‘one spot. |

Anal. Calcd. for C,,H;,05. C, 69.81; H, 9.05; O,
21.14. Found: C, 70.11; H, 8.99. |

EXAMPLE 13

Preparation of racemic
19-nor-Androst-4-en-3.17-dione

The crude keto diketal, racemic trans-anti-trans-anti-
3,3,7,7-bis(ethylenedioxy)-3a-methyl-6-( 3-oxobutyl)-
perhydro-lH—benz[e]indene whose preparation is de-
scribed in Example 12 above, was suspended in 30 ml.
of methanol, degassed, and placed under nitrogen. To

 the flask was added 3 ml. of 4N hydrochloric acid and

the resulting solution was heated at reflux under nitro-

~ gen for 3 hr. The cooled mixture was diluted with water

and extracted with benzene. The benzene solutions
-were washed with saturated aqueous sodium bicarbon-
ate solution and brine and dried over anhydrous so-
dium sulfate. Thin layer chromatography (1:1 benzene-
ethyl acetate) of the solution showed only one very
faint spot 1n addition to that corresponding to authentic
19-nor-androst-4-en-3,17-dione. Solvent removal gave
pale tan crystals which were chromatographed on 25 g.
of Silica Gel. The material eluted with 9:1 and 8:2
benzene-ether mixtures was triturated with refluxing
1sopropyl ether and then cooled to —20° to give racemic
19-nor-androst-4-en-3,17-dione as white prisms, m.p.
157° 159 5%

EXAMPLE 14

Preparation of racemic
trans-anti-6-[ (3,5-dimethyl-4-isoxazolyl)methyl]-
3,3,7,7-bis(ethylenedioxy)-3a-methyl-2,3,3a,4,6,7,8,9-
,9a,9b-decahydro-1H-benz[e]indene

A solution of 981 mg. (3.0 mmoles) of the isoxazole
ene dione, racemic trans-anti-6-(3,5-dimethyl- 4-isox-
azolylmethyl)-3a-methyl-1,2,3a,4,5,9,9a,9b,-octahy-
dro-3H-benz(e)indene-3,7(8H)-dione, 600 mg. of p-
toluenesulfonic acid monohydrate and 15 ml. of ethyl-
ene glycol in 50 ml. of benzene was heated at reflux
under nitrogen, with azeotropic removal of water, for
23 hr. After 2.0 hr., Linde 3A molecular sieves were
placed in the Dean-Stark trap. The solution was cooled,
washed with excess saturated aqueous sodium bicar-
bonate solution and brine and dried over anhydrous
sodium sulfate. Solvent removal at reduced pressure
gave a colorless resin which was crystallized from
ether-hexane to give the desired product, racemic
trans-anti-6-[ (3,5-dimethyl-4-isoxazolyl)methyl]-
3.3,7,7-bis (ethylenedioxy)-3a-methyl-
2,3,3a,4,6,7,8,9,9a,9b-decahydro-1H-benz{ e indene
as a white crystalline solid, m.p. 120°~127°. A sample
from a similar preparation was crystallized again from
ether-hexane to give the analytically pure diketal as
colorless microprisms of m.p. 127°-129°,

Anal. Calcd. for C,,H33NO<: C, 69.37; H, 8.01: N,
3.37: O, 19.25. Found: C, 69.25; H, 8.25: N, 3.36.
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EXAMPLE 15

Preparation of racemic
trans-anti-3,3,7,7-bis(ethylenedioxy)-3 a-methyl—'6—~( 3-
oxobutyl)-2,3,3a,4,6,7,8,9,9a,
Ob-decahydro-1H-benz{e]indene

A solution of 830 mg. (2.0 mmoles) of the i1soxazole
ene diketal, racemic trans-anti-6-[(3,5-dimethyl-4-
isoxazolyl)methyl}-3,3,7,7-bis(ethylenedioxy)-3a-
methyl-2,3,3a,4,6,7,8,9,9a,9b-decahydro-1 H-benz[ e- |
Jindene prepared as described in Example 14 above, in
40 ml. of ethano! containing 2.0 g. of potassium hy-
droxide and 80 mg. of 10 per cent palladium on carbon
was hydrogenated at atmospheric pressure and room
temperature. Uptake (1.0 equivalent) of hydrogen
ceased after 6 hr. The catalyst was removed by filtra-
tion and washed with fresh ethanol. The solvent was
removed from the filtrate until a residue of 10 ml. re-
mained. This solution of the vinylogous amide was
degassed and placed under nitrogen. A previously de-
gassed solution (S0 ml.) of 20 per cent aqueous potas-

sium hydroxide was added and the resulting mixture

was heated at reflux for 18 hr. The reaction mixture
was then diluted with water and extracted with ben-
zene. The benzene solutions were washed with brine
and dried over anhydrous sodium sulfate. Solvent re-
moval gave a pale yellow resin which was homogenous
to thin layer chromatography..

Crystallization of a sample from a similar preparation
three times from isopropyl ether gave racemic trans-
anti-3,3,7,7-bis(ethylenedioxy)-3a-methyl-6-( 3-
oxobutyl)-2,3,3a,4,6,7,8,9,9a,9b-decahydro-1H-

benz[e]indene as cream-white prisms, m.p.

80.0°-83.5°.

Anal. Calcd. for C,,H;,0.: C, 70. 18 H, 8.57; O,
21.25. Found: C, 70.85, 70.69; H, 8.68, 8.51.

EXAMPLE 16

Preparation of racemic
trans-anti-3a-methyl-6-(3-oxobutyl)-3a,4,5,9,9a,
9b-hexahydro-1H-benz[e]indene-3,7(2H, 8H)-dione

The crude keto ene diketal, racemic trans-anti-
3,3,7,7-bis-(ethylenedioxy )-3a-methyl-6-( 3-oxobutyl)-
2,3,3a,4,6,7,8,9,9a,9b-decahydro-1H-benz[e]indene,
whose preparation is described in Example 15 above,
was dissolved in 30 ml. of 1:1 water-acetic acid, de-
gassed, placed uner nitrogen, and heated at 90°-100°
for 1% hr. The pale yellow solution was then cooled,
diluted with water, and extracted with benzene. The
benzene solutions were washed with saturated aqueous
sodium bicarbonate solution and brine and dried over
anhydrous sodium sulfate. Solvent removal at reduced
pressure gave 650 mg. of pale yelllow resin. This mate-
rial was crystallized three times from ether to give the
pure trione, racemic trans-anti-3a-methyl-6-(3-
oxobutyl)-3a,4,5,9,9a,9b-hexahydro-1 H-benz[e Jin-
den-3,7(2H,8H)-dione as pale yellow prisms, m.p.
101.5°-103°.

Anal. Calcd. for C;gH,,0,: C, 74.97; H, 8.39: O,
16.64. Found: C, 74.80, H, 8.54.
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EXAMPLE 17

Preparation of (—)
7-(3,5-dimethyl-4-isoxazolyl)-S-hydroxy-heptanoic
acid lactone

A solution of 5.0 g. (22.4 mmoles) of racemic 7-(3,5-
‘dimethyl-4-i1soxazolyl)-5-hydroxyheptanoic acid lac-
“tone, 7.80 g. (50 mmoles) of (—) menthol and 0.1 g. of
p-toluenesulfonic acid in 100 ml. of benzene was
- heated at reflux under nitrogen for 16 hours. The solu-

3,984,428
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tion was cooled and washed with saturated aqueous

sodium bicarbonate solution and brine and dried over
anhydrous sodium sulfate. Solvent removal at reduced

pressure gave a mixture of diastereomeric esters as a
pale yellow oil. The desired R ester (the absolute con-
figuration was determined by conversion of this mate-

15

rial to (+) 19-nor-androst-4-en-3,17-dione) was ob-

tained by preparative vapor phase chromatography. A
solution of 2.10 g. of this ester in 50 ml. of 3N-aqueous
potassium hydroxide was heated at reflux under nitro-
gen for 18 hours. The solution was cooled, extracted
with ether, acidified with 3N-hydrochloric acid, satu-
rated with sodium chloride and extracted with methy-
lene chloride. The methylene chloride solutions were
washed with brine and dried over anhydrous sodium
sulfate. Solvent removal gave a cloudy colorless resin.
This crude product was heated to 200°C. at 0.2 mm., at
which time the desired R-lactone, (—) 7-(3,5-dimethyl-
4-1soxazolyl)-5-hydroxy-heptanoic acid lactone dis-
tilled as a colorless liquid.

EXAMPLE 18
| | (—) |
2-(2-(—)-a-phenethylaminoethyl)-6-{2-(3,5-dimethyl-
4-1soxazolyl)ethyl]-tetrahydropyran-2-ol oxalate

A solution of 22.3 g. (0.1 mole) of racemic 7-(3,5-
dimethyl-4-1soxazolyl)-5-hydroxy heptanoic acid lac-
tone, prepared as described in Example 7, in 330 ml. of
dry tetrahydrofuran was cooled in a dry ice-acetone

- 20
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48 _
Anal. Calcd. for C,,H.;N,O-: C, 62.32; H, 7.41: N,

6.06; O, 24.21. Found: C, 62.26; H, 7.38.
' EXAMPLE 19
(—)
3-[2-(3,5-Dimethyl-4-isoxazolyl)ethyl]-6a8-methyl-
1,2.3

,2,3,5,6,6a-hexahydrocyclopentalf}[l]benzopyran-
7(8H)-one

A solution of 84.0 mg. of 2-methyl-cyclopentane-1,3-
dione in 5 ml. of toluene, 2 ml. of 95% acetic acid and
| ml. of pyridine was carefully degassed, placed under
nitrogen, and heated at reflux 1 min. To the solution
was added 231 mg. of (—) 2-(2-(—) a-phenethylamino-
ethyl)-6-[2-(3,5-dimethyl-4-isoxazolyl)ethyl]-tetrahy-
dropyran-2-ol oxalate, prepared as described in Exam-
ple 18, and the resulting mixture was heated at reflux
for 3% hr., the last % hr. with azeotropic removal of
water. The cooled solution was diluted with benzene
and washed with brine, saturated aqueous sodium bi-
carbonate so'tion and brine and dried over anhydrous
sodium sulfate. Solvent removal gave a brown o1l which
was chromatographed on 20 g. of activity III neutral
alumina. Elution with hexane-benzene mixtures gave
the desired dienol ether as pale yellow needles, m.p.
85°-88°. Crystallization of this material from isopropyl

- ether gave analytically pure (—) 3-[2-(3,5-dimethyl-4-

30

1soxazolyl)ethyl]-6aB-methyl-1,2,3,5,6,6a-hexahy-
drocyclopenta{f][l]benzopyran-7(8H)-one as pale yel-
low needles, m.p. 90°-91.5°, I

Anal. Calcd. for C;)H,sNO,: C, 73.36; H, 7.70; N,

~ 4.28; O, 14.66. Found: C, 73.29; H, 7.74; N, 4.15.
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bath under nitrogen as 85 ml. of a 2 M solution of vinyl -

magnesium chloride in tetrahydrofuran was added at
such a rate as to keep the temperature at —50° to —55°
(15 min.). Stirring was continued for 30 min. before
the solution was hydrolyzed by the careful addition of
11 ml. of methanol. The solution was poured onto ice,

53 g. of ammonium chloride and 16 ml. of acetic acid -

and extracted with ether. The ether solutions were
washed with saturated aqueous sodium bicarbonate
solution and brine and dried over anhydrous sodium
sulfate. Solvent removal gave 24.8 g. of crude 9-(3,5-
dimethyl-4-isoxazolyl)-7-hydroxy-non-1-en-3-one as a
yellow oil. This crude vinyl ketone was dissolved in 150
ml. of dry benzene. To this solution was added 8.56 g.
of (—) a-phenethylamine and the resulting mixture was

- EXAMPLE 20

| | (+)
trans-anti-6-[ (3,5-Dimethyl-4-isoxazolyl )methyl]-3a-
methyl-1,2,3a,4,5,9,9a,9b-octahydro-3H-benz{e Jin-
- dene-3,7-(8H)-dione

A solution of 250 mg. of lithium aluminum hydride in
25 ml. of freshly distilled tetrahydrofuran was cooled in
an ice bath under nitrogen as a solution of 789 mg. of

- (=) 3-[2-(3,5-dimethyl-4-1soxazolyl)ethyl]-6aB-meth-

45
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- stirred under nitrogen at 45° for 2.0 hr. The mixture

was evaporated to dryness to give the crude Mannich
base as 43.2 g. of yellow oil. This crude Mannich base
was taken up in 150 ml. of ether and mixed with a
solution of 8.5 g. of oxalic acid in 100 ml. of ether. The
oil which separated was removed and washed with
ether. The oil was crystallized from acetonebenzene to
give the desired oxalate as a white solid, m.p.

60

111°~114°. Three further crystallizations from me-

thanol-ether gave analytically pure (—) 2-(2-(—)-a-
phenethylaminoethyl)-6-{2-(3,5-dimethyl-4-i1sox-
azolyl)ethyl]tetrahydropyran-2-ol oxalate as a white
- powder, m.p. 118°-120°. |

635

yl-1,2,3,5,6,6a-hexahydrocyclopenta-[ f][1]benzopy-

ran-7(8H)-one, prepared as described in Example 19,
in 5 ml. of tetrahydrofuran was added over 5 min. The
mixture was stirred at 0° for 15 min. and then without
cooling for an additional 30 min. The reaction mixture
was cautiously hydrolyzed at 0° with saturated aqueous
sodium sulfate solution, dried over anhydrous sodium
sulfate, and filtered. Solvent removal from the filtrates
gave crude 3-{2-(3,5-dimethyl-4-isoxazolyl)ethyli-
6ag-methyl-1,2,3,5,6,6a,7,8-octahydrocyclopen-
ta[f][1]benzopyran-78-ol as a pale orange glass. |
The crude alcohol was taken up 1in 20 ml. of tetrahy-

drofuran. To this solution was added 100 mg. of a 5 per
cent palladium on carbon catalyst and the mixture was
hydrogenated at atmospheric pressure and room tem-
perature. The uptake of one equivalent of hydrogen
took 15 hr. Removal of the catalyst by filtration, fol-
lowed by solvent removal at reduced pressure gave
trans-3-[2-(3,5-dimethyl-4-isoxazolyl)ethyl]-6a-meth-
yl-1,2,3,5,6,6a,7,8,9,9a-decahydrocyclopental f[1]ben-
zopyran-73-ol as a pale orange resin. This crude enol
ether was taken up in 20 ml. of acetone, degassed, and
placed under nitrogen. To this solution was added 10
ml. of IN sulfuric acid and the resulting mixture was

stirred at room temperature for 1% hr., poured into

saturated aqueous sodium bicarbonate solution and
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extracted with chloroform. The chloroform solutions
were washed with saturated aqueous sodium bicarbon-
- ate solution and saturated brine and dried over anhy-
drous sodium sulfate. Solvent removal gave the crude
hemiketal, trans-3-[ 2-(3,5-dimethyl-4-1soxazolyl)e-
thyl]-6a-methyl-perhydrocyclopentaffi{l]benzopyran-
4a,7b-diol as an orangish-colored foam.

The crude hemiketal was dissolved in 20 ml. of ace-
tone and cooled in an ice bath as a solution of 1.5 g. of
chromium trioxide in 7.5 ml. of 6N sulfuric acid was
added over 20 min. The resulting suspension was
stirred at 0° for 40 min. and then for an additional 1%
hr. without cooling. It was then poured into water and
extracted with benzene. The benzene solutions were

10
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EXAMPLE 22

Preparation of (—)
trans-anti-6-[(3,5-dimethyl-4-1soxazolyl)methyl}-3a-
methyl-38-hydroxy-1,2,3,32,4,5,8,9,9a,9b-decahydro-
7H-benz|e]indene-7-one

A solution of 1.159 g. of (+) trans-anti-6-[(3,5-
dimethyl-4-isoxazolyl)methyl }-3a-methyl-3 8-tertiary
butoxy-1,2,3,3a,4,5,8,9,9a,9b-decahydro-7H-benz[e-
lindene-7-one, prepared as described in Example 21,

“and 1.1 g. of p-toluenesulfonic acid monohydrate in

15

washed with water, saturated aqueous sodium bicar-

bonate solution, and brine and dried over anhydrous
sodium sulfate. Solvent removal gave crude trans-4-[ 3-
0x0-5(3,5-dimethyl-4-isoxazolyl)  pentyl]la-methyl-
perhydroindan-1,5-dione as a pale orange resin. This
material was taken up in 20 ml. of methanol, degassed
‘and placed under nitrogen. To the flask was added 200
mg. of sodium hydroxide and the resulting dark solu-
tion was heated at reflux 2.0 hr., cooled, diluted with

water, and extracted with benzene. The benzene solu-

tions were washed with brine and dried over anhydrous
- sodium sulfate. Solvent removal gave the crude isox-
azole ene dione which was chromatographed on neu-
tral alumina, activity Ill. The material eluted with a
95:5 benzene-ether mixture was crystallized from 1so-
propyl ether to give pure (+) trans-anti-6-[(3,5-
dimethyl-4-isoxazolyl)methyl}-3a-methyl-1,2,3a,4,5,9-
,9a,9b-octahydro-3H-benz{elindene-3,7(8H)-dione as
colorless needles, m.p. 85°-87.5°.

" EXAMPLE 21

| Preparation of (+)

trans-anti-6-{ (3,5-dimethyl-4-isoxazolyl)methyl }-3a-
methyl-3 3-tertiary

~ butoxy-1,2,3,3a,4,5,8,9,9a,9b-decahydro-7H-benz{e-

| lindene-7-one

In a dry flask, 520 mg. of 55% sodium hydride disper-
sion was washed with pentane to remove the mineral

oil. The sodium hydride was suspended in 100 ml. of

freshly distilled 1,2-dimethoxyethane and 2.76 g. of (+)
trans-anti-3a-methyl-3 8-tertiary butoxy-
1,2,3,3a,4,5,8,9,93,9b- decahydro-?H -benz[e]indene-

~ 7-one was added to the suspension. The mixture was
heated at reflux under nitrogen for 1.0 hr. A solution of
1.75 g. of 4-chloromethyl-3,5-dimethylisoxazole in 20

ml. of 1,2-dimethoxyethane was then added at reflux

over a period of 4% hr. The suspension was heated at
reflux an additional 1% hr., cooled, diluted with water,
and extracted with benzene. The benzene solutions
were washed with brine and dried over anhydrous so-
dium sulfate. The orange resin obtained upon solvent
removal was chromatographed on 200 g. of silica gel.
The material obtained by elution with 95:5 and 90:10
benzene-ether mixtures was crystallized from ether-
hexane to give analytically pure (+) trans-anti-6-[(3,5-
dimethyl-4-isoxazolyl ymethyl]-3a-methyl-3B-tertiary
~ butoxy-1,2,3,33,4,5,8,9,9a,9b- decahydro-?H-benz[e-
" lindene-7-one, m.p. 125.5°-126.5°.

Anal. Calcd. for C24H35N103 C 74.76; H, 9.15; N,
3.63, O, 12.45. Found: C, 74.88; H, 9.38; N, 4.67.

100 ml. of benzene was degassed, placed under nitro-
gen and heated at reflux for 1.0 hr. The cooled solution
was washed with saturated aqueous sodium bicarbon-
ate solution and brine and dried over anhydrous so-
dium sulfate. Solvent removal gave a yellowish resin

 which was crystallized from isopropyl ether to give the
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desired alcohol as fine white needles, m.p. 127°-127.5°
Anal. Calcd. Cy0Hy;N,O5: C, 72.92; H, 8.26; N, 4.25;
O, 14.57. Found: C, 73.25; H, 8.49; N, 4.16.

EXAMPLE 23

Preparation of (+)
trans-anti-6-[(3,5-dimethyl-4-isoxazolyl)methyl]-3a-
methyl-1,2,3a,4,5,9,9a,9b-octahydro-3H-benz|e ]in-

dene-3,7(8H)-dione

A solution of 415 mg. of (—) trans-anti-6-[(3,5-
dimethyl-4-isoxazolyl)methyl}-3a-methyl-3 8-hydroxy-
1,2,3,3a,4,5,8,9,9a,9b-decahydro-7H-benz[ e Jindene-
7-one, prepared as described in Example 22, in 25 ml.
of acetone was cooled in an ice bath as 1.0 ml. of Jones
chromium trioxide reagent was added over 5 min. The
solution was stirred 10 min., poured into aqueous so-
dium bisulfite, and extracted with benzene. The ben-
zene solutions were washed with water, saturated aque-
ous sodium bicarbonate solution and brine and dried
over anhydrous sodium sulfate. Solvent removal gave a
colorless foam which, on crystallization from 1sopropyl
ether, gave analytically pure (+) trans-anti-6-[(3,5-
dimethyl-4-1soxazolyl)methyl]-3a-methy!-1,2,3a,4,5,9-
,9a,9b-octahydro-3H-benz[e]indene-3,7(8H)-dione as
white needles, m.p. 85.5°-87.5°.

Anal. Calcd. for ng H25N103. C, 7336, H, 7.70, N,
4.28: O, 14.66. Found: C, 73.67; H, 7.95: N, 4.15.

EXAMPLE 24
Preparation of (+) 19-nor-androst-4-en-3,17-dione.

A solution of 1.308 g. of (+) trans-anti-6-[(3,5-
dimethyl-4-isoxazolyl)methyl]-3a-methyl-1,2,3a,4,5,9-
,9a,9b-octahydro-3H-benz{e }inden-3,7(8H)-dione,
prepared as described above in Example 20, in 100 mi.
of 3:1 ethanol:triethylamine containing 80 mg. of 10
per cent palladium on carbon, was hydrogenated at
atmospheric pressure and room temperature. After 1°4

~ hr., the uptake of hydrogen ceased. Filtration, followed
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by solvent removal, gave trans-anti-trans-6-[(3,5-
dimethyl-4-isoxazolyl)methyl]-3a-methyl-3a,4,5-
,5a,8,9,9a,9b-octahydro- 1 H-benz[ e Jinden-
3,7(2H,6H)-dione as a colorless foam. This crude
product was taken up in 10 ml. of ethylene glycol and
75 ml. of benzene and heated with 750 mg. of p-tol-
uenesulfonic acid at reflux under nitrogen, with azeo-
tropic removal of water, for 20 hr. The cooled solution
was washed with saturated aqueous sodium bicarbon-
ate solution and brine and dried over anhydrous so-
dium sulfate. Solvent removal gave trans-anti-trans-0-
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L (3,5-dimethyl-4-isoxazolyl)methyl]-3,3,7,7-bis(e-
thylenedioxy)-3a-methyl-perhydro- | H-benz[e]indene
as a pale yellow resin. A solution of the crude isoxazole

diketal in 100 ml. of ethanol containing 2.5 g. of potas-

stum hydroxide and 100 mg. of 10 per cent palladium
on carbon was hydrogenated at atmospheric pressure

and room temperature. The uptake of one equivalent

of hydrogen took 5.0 hr. The catalyst was removed by
filtration and the solvent was removed from the filtrates
until a residue of approximately 5 ml. remained. To this ?
solution of the vinylogous amide was added 150 ml. of
20 per cent aqueous potassium hydroxide. The mixture
was degassed, placed under nitrogen, heated at reflux
under nitrogen for 16 hr., cooled, and extracted with
benzene. The benzene solutlons were washed with
brine and dried over anhydrous sodium sulfate. Solvent
removal gave trans-anti-trans-3,3,7,7-bis-(ethylenedi-
oXxy )-3a-methyl-6- (3-oxobutyl) -perhydro-1H-benz[e-

Jindene as a colorless resin. This material was taken up
in 50 ml. of methanol, degassed and placed under nitro-
gen. To the solution was added 5 ml. of 4N-hydro-
chloric acid and the resulting solution was heated at

10

5

20

reflux for 3.0 hr. The cooled solution was diluted with

water and extracted with benzene. The benzene solu-
tions were washed with water, saturated aqueous so-
dium bicarbonate solution and brine and dried over
anhydrous sodium sulfate. Solvent removal gave crude
19-nor-androstene dione as a pale tan crystalline solid.
Filtration of this material through silica gel with 9:1
benzene:ether followed by crystallization from ace-
tone-hexane gave (+) 19-nor-androst-4-en-3, 17 dione
as shmy platelets, m.p. 173°-174°,

EXAMPLE 25
Preparation of (+)

trans-anti-3a-methyl-6-(3-oxobutyl)-3a,4,5,9,9a,9b-

hexahydro-1H-benz[¢]inden-3,7(2H,8H )-dione.

A solution of 981 mg. of (4) trans-anti-6-[(3,5-
dimethyl-4-isoxazolyl)methyl]-3a-methyl-1,2,3a,4,5,9-
,92,9b-octahydro-3H-benz[e]inden-3,7-(8H )-dione,
prepared as described in Example 20, and 600 mg. of
p-toluenesulfonic acid in 15 ml. of ethylene glycol and
50 ml. of benzene was degassed, placed under nitrogen
and heated at reflux with azeotropic removal of water,
for 23 hr. The cooled solution was washed with excess
saturated aqueous sodmum bicarbonate solution and
brine and dried over anhydrous sodium sulfate. Solvent
removal gave  trans-anti-6-[(3,5-dimethyl-4-1s0x-
azolyl)methyl]-3,3,7,7-bis-(ethylenedioxy)-3a-methyl-
2,3,3a,4,6,7,8,9,9a,9b-decahydro-1H-benz[ e Jindene
as a colorless resin. This material was taken up in 60
‘ml. of ethanol containing 3.0 g. of potassium hydroxide
and 100 mg. of 10 per cent palladium on carbon and
- hydrogenated at atmospheric pressure and room tem-
perature. Uptake of one equivalent of hydrogen took
6.0 hr. The catalyst was removed by filtration and the
solvent was removed from the filtrates until approxi-
mately 10 ml. remained. To this solution of vinylogous
amide was added 75 ml. of 20 per cent aqueous potas-

sium hydroxide and the resulting mixture was heated at

reflux under nitrogen for 18 hours. The cooled mixture
was diluted with water and extracted with benzene. The
benzene solutions were washed with brine and dried
over anhydrous sodium sulfate. Solvent removal gave
trans-anti-3,3,7,7-bis(ethylenedioxy)-3a-methyl-6-( 3-

- oxobutyl)-2,3,3a,4,6,7,8,9,9a,9b-decahydro-1 H-
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was taken up i 500 ml. of 1:1 water-acetic acid, de-
gassed, placed under nitrogen, and heated at 90°- 100°
for 12 hr. The solution was cooled, diluted with water
and extracted with benzene. The benzene solutions
were washed with saturated aqueous sodium bicarbon-
ate solution and brine and dried over anhydrous so-
dium sulfate. Solvent removal gave crude trione as a
pale yellow resin. Crystallization of this material from
iIsopropylether gave (+) trans-anti-3a-methyl-6-(3-
oxobutyl)-3a,4,5,9,9a,9b-hexahydro-1H-benz[ e }in-
den-3,7(2H,8H)-dione, m.p. 80°-81.5°.

EXAMPLE 26

Preparation of racemic
19-nor-98,10a-androst-4-en-3,17-dione

A mixture containing 655 mg. (2.0 mM) of racemic
trans-anti-6-(3,5-dimethyl-4-i1soxazolylmethyl )-3a-
methyl-1,2,3a,4,5,9,9a,9b-octahydro-3H-benz(e )in- |
dene-3,7(8H)-dione, 250 mg. of 7 percent Pd/BaSO,,
0.5 ml. of 48 percent HBr and 20 ml. of ethanol was
hydrogenated at atmospheric pressure and room tem-
perature for a pertod of 8 hours. The catalyst was re-
moved by filtration and washed with fresh ethanol. The
filtrates were diluted with benzene and washed twice
with brine and once each with sodium bicarbonate and
brine. The organic layer was then dried over sodium
sulfate and the solvent removed to give 650 mg. of a
bone-white solid. This material was dissolved in ap-
proximately 3 ml. of hot benzene to which was added
approximately 15 ml. of ether and the solution was
cooled to 0°C. After filtration there was obtained 430
mg. (65 percent yield) of fine white needles of trans-
anti-cis-anti-6-[ (3,5-dimethyl-4-isoxazolyl)methyl]-3a-
methyl-3a,4,5,5a,8,9,9a,9b-octahydro-1H-benz[e}in-
den-3,7(2H,6H)-dione. An analytical sample was pre-
pared by dissolving a small amount of the aforesaid
materiai in methylene chloride, filtering and removing
solvent. The residue was crystallized from ben-
zene/ether to give very tiny whlte needles m.p.

- 196°-198.5°.

Anal. Caled. for CyH,NOy: C, 72.92; H, 8.26; N,
4.25. Found: C, 72.57; H, 8.26; N, 4.13.

A solution containing 658 mg. (2.0 mM) of the above
retrodione, 200 mg. of p-toluenesulfonic acid hydrate,
15 ml. of ethylene glycol and 60 ml. of benzene was
degassed, placed under a nitrogen atmosphere and

~ heated at reflux with removal of water for 22 hours.

50

The solution was cooled, diluted with benzene and
extracted with saturated aqueous sodium bicarbonate
solution (2X), water (2X) and brine. The organic phase
was dried over sodium suifate and the solvent removed

- to give a cream-white solid representing crude, racemic
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benz[e]indene as a very pale yellow resin. This material

trans-anti-trans-cis-anti-6[ 3,5-dimethyl-4-isoxazolyl)-
methyl]-3,3,7,7-bis(ethylenedioxy)-3a-methyl-perhy-
dro-1H- benz[e]mdene

The above 1soxazolyl diketal was suspended in 40 mi.
of ethanol containing 1.5 g. of KOH. There was then
added 150 mg. of a 5 percent Pd/C catalyst and the
resulting mixture was hydrogenated at atmospheric
pressure and room temperature for approximately 1.5
hours. The catalyst was then removed by filtration and
washed with fresh ethanol. The combined filtrates were
evaporated to yield a residue of about 10 ml. A total of
50 ml. of 20 percent aqueous KOH was then added to
the residue and the resulting solution was degassed,
placed under nitrogen and heated at reflux for 20
hours. The mixture was cooled, poured into water and
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- extracted with benzene. The benzene extracts were
washed with brine and dried over sodium sulfate. Sol-

~ vent removal gave a cloudy light yellow resin compris-

ing crude, racemic trans-anti-cis-anti-3,3,7,7-bis(e-
thylenedioxy)-3a-methyl-6-(3-oxobutyl)perhydro-1H-
benz[elindene.

Crude ketone material was taken up in 20 ml. of
- dioxane, degassed, placed under a nitrogen atmosphere
and cooled in an ice bath. A total of 1.0 ml. of 25
percent HCl was then added dropwise over 2 minutes.
The mixture was cooled another S minutes and was
then allowed to stir at room temperature for 22 hours.
The light yellow solution was poured into excess satu-
rated aqueous sodium bicarbonate solution and ex-
tracted with benzene. The combined benzene solutions
were washed with sodium bicarbonate, brine and then
dried over sodium sulfate. Solvent removal gave 603
mg. of light orange resin which crystallized slowly. This
material was chromatographed on silica gel and crystal-
lized from approximately 10 ml. of methylene-
chloride/ether and cooling to —20° to give 272 mg. (50
percent yield) of small white prisms which exhibited
slight melting at 141°-142° m.p. 148°-152°. Recrystal-
lization from approximately 5 ml. of methylene chlori-

~ de/ether with cooling at —20° gave 239 mg. of small

‘white prisms, m.p. 148.5°-152° (softening at 142°)
- representing pure 19- nor-9B,10a androst-4-en-3,17-
dione.

Anal. Caled. C,(H,0,: C, 79.37; H, 8.88. Found: C,
79.07; H, 8.88.

EXAMPLE 27

Preparation of

| trans-anti-cis-anti-6-{ (3,5-dimethyl-4-isoxazolyl)-

- methyl] 3,3,7,7-bis(ethylenedioxy)-3a-methyl-perhy-
dro-lH benz{e]indene

A mixture containing 2.4 g. (7.3 mM) of racemic
- trans-anti-cis-anti-6-[ ( 3,5-dimethyl-4-isoxazolyl )me-
thyl]-3a-methyl-3a,4,5,5a,8,9,9a,9b-octahydro-1H-
benz[elinden-3,7(2H,6H)dione, 600 mg. of p-toluene-
sulfonic acid hydrate, 25 ml. of ethylene glycol and 150
mi. of benzene was degassed, placed under nitrogen
and heated at reflux with azeotropic removal of water
for 22 hours. The resulting solution was cooled, washed
with saturated aqueous sodium bicarbonate, water (2x)
and brine. The organic phase was dried over sodium
- sulfate and the solvent removed to give 3.1 g. of a white
solid. This material was dissolved In approximately 5
- ml. of methylene chloride/1 percent triethylamine. To
~ this solution was added 50 ml. of ether. After cooling to
—20° there was obtained 2.805 g. of shiny pale yellow
prisms, m.p. 186°-9° (fast heating). Recrystallization
from 6 ml. of methylene chloride/1 percent triethyl-
amine plus 50 ml. of ether with cooling to 0° gave 1.85
g. of colorless prisms, m.p. 188.5°-191° representing
pure,
isoxazolyl)methyl}-3,3,7,7- bls(ethylendloxy) 3a-meth-
yl-perhydro-1H-benz{ e jindene.

Anal. Calcd. for C,H3:O:N: C, 69.03; H 8.45; N,

3.35. Found: C, 69.14; H, 8.32; N, 3.27.
EXAMPLE 28
Preparation of
(—)-19- nor—9£,10a-androst—4 en-3,17-dione
A mixture containing 655 mg. (2.0 mM) of

(+)-trans-anti-6-(3,5-dimethyl-4-i1soxazolylmethyl)-3a-
- methyl-1,2,3a,4,5,9,9a,9b-octahydro-3H-benz[e]in-

racemic trans-anti-cis-anti-6-[(3,5-dimethyl-4-
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den-3,7(8H)-dione, 10 percent Pd/BaSOy,, 1.0 ml. of 47

percent HBr and 40 mi. of ethanol was hydrogenated at
atmospheric pressure and room temperature for about
5 % hours. The catalyst was removed by filtration and
washed with fresh ethanol. The combined filtrate was
eluted with benzene, washed with water, brine, satu-
rated aqueous sodium bicarbonate solution and then
with brine. The organic layers were dried over sodium
sulfate and the solvent removed to yield a pale yellow
resin which crystallized upon standing. After chroma-
tography on silica gel the product was dissolved in 2 ml.
of methylenechloride and 20 ml. of ether was added.
After seeding and cooling to —20° there was obtained
295 mg. (45 percent yield) of fine white needles, m.p.
169°-172.5° with some previous slight softemng An
analytical sample of pure (+)-trans-anti-cis-anti-6-
[(3,5-dimethyl-4-isoxazolyl)methyl]-3a-methyl-3a,4,5-
,5a,8,9,9a,9b-octahydro-1H-benz{ e ]inden-

3,7(2H,6H)-dione was obtained by recrystallization

from methylene chloride/ether with cooling to 0°, m.p.
170.5°-174°,

Anal. Calcd. for C,yH;,;05N: C, 72 92: H, 8.26; N,
4.25. Found: C, 72.80; H, 8.40; N, 4.14. [a]y*® =
+122.9° (¢ = 0.895, CI—ICla) U V.= Aar = 222 mpu (€
= 4,750).

A solution containing 1.730 g. (5.25 mM) of the

“above dione and 400 mg. of p-toluenesulfonic acid

hydrate in 25 ml. of ethylene glycol and 100 ml. of
benzene was degassed, placed under nitrogen and
heated at reflux with azeotropic removal of water for
22 hours. The cooled solution was washed with satu-
rated aqueous sodium bicarbonate (2X), water (2X)
and brine. The organic phase was dried over sodium
sulfate and the solvent removed after filtration to give
a pale yellow resin as a residue. The resin comprising
(—)-trans-anti-cis-anti-6-{( 3,5-dimethyl-4-1soxazolyl)-

methyl]-3,3,7,7-bis(ethylenedioxy)-3a-methyl-perhy-

~dro-1H-benz[e]-indene was dissolved in 80 ml. of etha-

nol containing 3.5 g. of KOH and there was then added
to this solution a total of 400 mg. of 5 percent Pd/C

catalyst. The resulting mixture was hydrogenated at

atmospheric pressure and room temperature. Uptake
of hydrogen ceased after about 1% hours. The catalyst

was removed by filtration and washed with fresh etha-
nol. The combined ethanol filtrates were stripped of
solvent until a residue of approximatiey 25 ml. re-
mained.

To this solution of vinylogous amide was added 80
ml. of 20 percent aqueous KOH and the resulting mix-
ture was degassed placed under nitrogen and heated at
reflux for 12 hours. The cooled solution was poured
into water and extracted with benzene. The combined
benzene extracts were washed with water and brine.
The organic phase was dried over sodium sulfate and
the solvent removed to give crude keto diketal as a
yellow resin. The material was taken up in 50 ml. of
dioxane, degassed and placed under nitrogen. The sol-
vent was cooled in an ice bath and when the solvent
began to solidify a total of 3.0 ml. of 25 per cent HCl
was added dropwise over three minutes. The mixture
was stirred at 0° for an additional 10 minutes and then
at room temperature for 22 hours. The mixture was
then diluted with benzene and then washed with water,
brine, saturated aqueous sodium bicarbonate and then
brine again. The organic phase was dried over sodium
sulfate and the solvent removed to yield a yellow resin.
The crude steroid was purified by chromatography
over silica gel followed by crystallization from
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acetone/isopropyl ether 1:10 with cooling to —20° to
yield (—)-19-nor-98,10a-androst-4-en-3,17-dione as
white needles, m.p. 131°-135.5°. Recrystallization
from acetone/isopropyl ether as above gave white nee-
dles of pure product, m.p. 132°-135.5°. >

Anal. Calcd. for C;H,,0,: C, 79.37;: H, 8.88 Found:
C, 79.24; H, 8.87. [a]p*®>=-23.9° (¢ = 1.055, CHCl,)
U.V. Apar = 239-240 mpu (e = 17,300).

EXAMPLE 29

Preparation of
(—)-trans-anti-cis-anti-6-[ (3,5-dimethyl-4-isoxazolyl)-
methyl]-3,3,7,7-bis(ethylene
dioxy)-3a-methyl-perhydro-1H-benz[e]indene

A mixture containing 1.76 g. (5.33 mM) of |
(+)-trans-anti-cis-anti-6-[ (3,5-dimethyl-4-isoxazolyl)-
methyl]-3a-methyl-3a,4,5,5a,8,9,9a,9b-octahydro-1H-
benz[e]inden-3,7(2H,6H)-dione, 400 mg. of p-tol-
uenesulfonic acid hydrate, 15 ml. of ethylene glycol
and 100 ml. of benzene was degassed, placed under
nitrogen and heated at reflux with azeotropic removal
of water for 22 hours. The cooled solution was washed
with saturated aqueous sodium bicarbonate (2X),
~water (2X) and brine. The organic phase was dried 5
over sodium sulfate and then the solvents removed to
give 2.34 g. of a colorless glass which soon crystallized.
Crystallization from acetone/isopropyl ether after cool-
ing to —20° gave 2.03 g. of white needles, m.p.
155°-158°. Recrystallization from methylene chlo-
ride/isopropyl ether with cooling to —20° gave 1.775 g.
of fine white needles, m.p. 156"“158 5° of the above-
captioned product.

Anal. Calcd. for C,;H,sNOs: C, 69.03; H, 8.45; N,
3.35. Found: C, 68.93; H, 8.47; N, 3.36. [a],®=31.6° 35
(c = 0.87 CHCl;) UV, Aoy = 223-224 mu (e =
4,900).
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EXAMPLE 30

Preparation of racemic
19-nor-98,10a-androst-4-en-3,17-dione via tricyclic
triketone

40

A suspension containing 725 mg. (1.92 mM) of
trans-anti-cis-anti-3,3,7,7-bis(ethylenedioxy)-3a-meth-
yl-6-(3-oxobutyl)-perhydro-1H-benz[elindene in 30 43
ml. of 1:1 acetic acid/water was degassed, placed under
nitrogen and heated at 95° for 1 % hour. The cooled
mixture was poured into water and the resulting mix-
ture was extracted with benzene. The combined ben-

zene extracts were washed with brine, saturated sodium 350

~ bicarbonate solution and brine again. The organic

phase was dried over sodium sulfate and after removal
of the solvent there was obtained a pale yellow resin
comprising crude racemic, trans-anti-cis-anti-3a-meth-
yl-6-(3-oxobutyl)-perhydro-1H-benz{ e Jinden-3,7-

- dione. This material as taken up in 25 ml. of 2-methox-
yethanol and 1.01 ml. of pyrrolidine was added. The
mixture was degassed, placed under nitrogen and
heated at 95°-100° for 16 hours. A total of 10 ml. of
acetate buffer was added and heating was continued for 60
an additional 2 hours. The mixture was poured into
water and extracted with benzene. The benzene solu-
tions were washed with brine, saturated aqueous bicar-
bonate and brine and dried over sodium sulfate. Re-
moval of the solvents gave a light brown resin which 63
crystalized on standing. This resin was chromato-
graphed on silica gel using benzene/ether 8:2 as eluent
yielded the above-captioned product as light orange

35
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crystals. Recrystallization from methylene chlori-
de/ether with cooling to —20° yielded light yellow
prisms, m.p. 147°-151° (softening at 138°).

EXAMPLE 31

Preparation of racemic
1 3-ethyl-93,10a-gon-4-en-3,17-dione

A mixture containing 1.032 g. (3.0 mM) of racemic
trans-anti-3a-ethyl-1,2,3a,4,5,9,9a,9b-octahydro-3H-
benz[e]inden-3,7(8H)-dione (prepared in analogous
fashion to that described in Examples 8 and 9 with the
exception that 2-ethylcyclopentane-1,3-dione was em-
ployed instead of the corresponding methyl com-

s pound), 300 mg. of 10 percent Pd/BaSO, and 60 ml. of

ethanol was stirred at room temperature for 50 min-
utes. A total of 1.5 ml. of 45 percent HBr was then
added and the resulting mixture was hydrogenated at
atmospheric pressure and room temperature for a pe-
riod of about 6 Y2 hours at which time uptake of hydro-
gen ceased. The catalyst was removed by filtration and
washed with fresh ethanol. The combined ethanol fil-
trates were diluted with benzene, washed with water

‘and brine, saturated aqueous sodium bicarbonate solu-

tion and then with brine again. The organic phase was
dried over sodium sulfate and the solvent removed to
give 1.043 g. of a white solid. This material was chro-
matographed on silica gel first using benzene/ether at
8:2 and finally at 7:3. The latter eluates were combined
and evaporated to give 956 mg. of a white slid which on
crystallization from methylene chloride/ether 1:10 and
cooling to —20° gave 781 mg. of fine white needles,
m.p. 174°-176.5° (sint. 160°-162°). Recrystallization
with the same procedure gave 752 mg. (72 percent
yield) of pure, racemic trans-anti-cis-anti-6-[(3,5-
dimethyl-4-isoxazolyl )methyl]-3-a-ethyl-3a,4,5,5a,8,9-
,9a,9b-octahydro-1H-benz[e]inden-3,7(2H,6H )-dione.
A solution containing 2.748 (8.0 mM) of the above
isoxazolyl dione and 600 mg. of p-toluenesuifonic acid
hydrate in 25 ml. of ethylene glycol and 100 ml. of
benzene was degassed, placed under nitrogen and
heated at reflux with azeotropic removal of water for
22 hours. The mixture was cooled, washed with satu-
rated aqueous sodium bicarbonate (2X), water (2X),
and brine. The organic phase was dried over sodium
sulfate and the solvents removed to yield a white crys-
taline solid comprising racemic trans-anti-cis-anti-6-
[(3,5-dimethyl-4-isoxazolyl)methyl}-3,3,7,7-bis(e-
thylenedioxy)-3a-ethyl-perhydro-1H-benz[e]indene.
The above crude ketal was suspended in a solution
containing 5 g of sodium hydroxide in 125 ml. of etha-
nol and 650 mg. of 5 percent Pd/C was added. The
resulting mixture was hydrogenated at atmospheric
pressure and room temperature. After 4% hours the
uptake of hydrogen had ceased. The catalyst was re-
moved by filtration and washed with fresh ethanol. The
solvent was removed until a residue of approximately
50 ml. remained. To this solution was added 100 ml. of
20 percent aqueous sodium hydroxide and the resulting
mixture was degassed, placed under nitrogen and

~ heated at reflux for 16 hours. The resulting mixture was

poured Into water and extracted with benzene. The
benzene solutions were washed with water, brine and
then dried over sodium sulfate. Removal of the solvent
gave a yellow resin. This material was taken up in 100
ml. of methanol and 10 ml. of 3N HCI was added. This
mixture was degassed, placed under nitrogen and
heated at reflux for 4 hours. The mixture was diluted
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with benzene, washed with water (2X), saturated so-
dium bicarbonate and brine. The organic phase was
dried over sodium sulfate and the solvent removed to
give a yellow oily solid.

Chromatography of the above crude retrosteroid on
silica gel followed by crystallization from 25 ml. of
acetone with cooling to —20° gave 1.494 g. of cream-
white prisms, m.p. 197°-206.5°. Recrystallization from
25 ml. of acetone with cooling to —20°, gave 1.349 (59
percent yield) of small, colorless prisms m.p.
203°-207.5°. An analytical sample of the product 13-
ethyl-98,10a-gon-4-en-3,17-dione was obtained by a
further crystallization from acetone as before to yield a
material melting at 203.5°-207°.

Anal. Calcd. for C,sH,:0,: C, 79.68; H, 9.15. Found:
C, 79.69; H, 9.12. UV, « A ;0= 240 mu (e = 17,900).

- EXAMPLE 32

Preparation of racemic
trans-anti-cis-anti-6-[ (3,5-dimethyl-4-1soxazolyl )me-
thyl]-3,3,7,7-bis(ethylenedioxy)-3a-ethyl-perhydro-

1H-benz[e]indene

A total of 1.71 g. (5.0 mM) of racemic trans-anti-cis-
anti-6-[ (3,5-dimethyl-4-isoxazolyl)methyl]-3a-ethyl-
3a,4,5,5a,8,9,9a,9b-octahydro-1H-benz[e]inden-
'3,7(2H,6H)-dione, 0.5 g. of p-toluenesulfonic acid
hydrate, 20 ml. of ethyleneglycol and 100 ml. of ben-
zene was degassed, placed under nitrogen and heated
at reflux with azeotropic removal of water for 21 hours.
The mixture was cooled, washed with sodium bicarbon-
ate solution (2X), water (2X) and brine. The organic
phase was dried over sodium sulfae and the solvent
removed to give a white solid. Crystallization from
approximately 25 ml. of methylene chloride/ether with
cooling to —20° gave 1.836 g. of small white prisms
melting at approximately 181°-185°. Recrystallization
from approximately 10 ml. of the same solvent with
cooling to 0° gave 1.49 g. of small white prisms, melting
at 183°-186.5° of the above-captioned product.

Anal. Calcd. for Cy,5H3,O5N: C, 69.57; H, 8.64; N,
3.25. Found: C, 69.55; H, 8.69; N, 3.20.

We claim:

1. A compound of the formula

Rl YAl
N

(CH,)

.

~0

Z“
Ri6

wherein Z'' is selected from the group consisting of
lower-alkylenedioxy-methylene, di-lower  alkoxy-
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methylene, phendioxy-methylene and a group of the
formula

\ OR;
&

h‘\
/ “Ry

wherein R; is selected from the group consisting of

‘hydrogen, lower alkyl, lower alkoxy-lower alkyl, tetra-

hydropyranyl, lower alkanoyl and benzoyl; Rg i1s se-
lected from the group consisting of hydrogen and lower
aliphatic hydrocarbyl; R, 1s a primary alkyl group of
from 1 to 5 carbons; m is an integer having a value of
1 or 2; Ry; 1s selected from the group consisting of
lower alkyl and hydrogen; R,¢ 1s selected from the
group consisting of lower alkyl, lower alkylphenyl,
phenyl lower alkyl and hydrogen.

2. The compound as 1n claim 1 wherein m is 1; R, 1s
methyl or ethyl; Ry and R, are each independently
lower alkyl; Z'' is lower alkylenedioxy-methylene or a
group of the formula

\C/
/ \\\

OR; ;
R,

Rg 1s hydrogen; R, is lower alkyl, lower alkanoyl, ben-
zoyl or hydrogen: and the configuration is trans-anti-
trans. | |

3. The compound as in claim 2 wherein m is 1; R, is
methyl or ethyl; Ry5; and R4 are each independently

lower alkyl; Z"' is lower alkylenedioxy-methylene or a
group of the formula

~_
PN

OR,
Ry

R; 1s hydrogen; R; is lower alkyl, lower alkanoyl, ben-
z?yl or hydrogen; and the configuration is trans-anti-
CIS.

4. A compound as in claim 2 which is trans-anti-
trans-6-[ (3,5-dimethyl-4-isoxazolyl)-methyl1]-3,3,7,7-
gis( ethylenedioxy)-3a-methyl-perhydro-1H-benz[e]in-

ene.

5. A compound as in claim 3 which is trans-anti-cis-6-
[(3,5-dimethyl-4-isoxazolyl)-methyl]-3,3,7,7-bis(e-
thylenedioxy)-3a-methyl-perhydro-1H-benz[ e Jindene.

6. A compound as in claim 3 which is trans-anti-cis-6-
[(3,5-dimethyl-4-isoxazolyl)-methyl}-3,3,7,7-bis(e-
thylenedioxy)-3a-ethyl-perhydro-1H-benz[e]indene.

S E % *

*
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